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From Shakespeare to Plato— from the philosophic poet to the poetic philo- 
sopher — the transition is easy, and the road is crowded with illustrations 
of our present subject. 


Hast thou ever raised thy mind to the consideration of existence, in and 

by itself, as the mere act of existing ? 
Hast thou ever said to thyself, thoughtfully, It is! — heedless, in that 

moment, whether it were a man before thee, or a flower, or a grain of 
\] sand, — without reference, in short, to this or that particular mode or 

form of existence ? If thou hast, indeed, attained to this, thou wilt have 

felt the presence of a mystery, which must have fixed thy spirit in awe 

and wonder. 

Coleridge, 


London: 

Wilson and Ooilvt, 

A7, skinner Street. 
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Since 1848, when the ^^ Poetry of Science'^ was first 
submitted to the public, two editions have been ex- 
hausted. This, were proofs required, would of itself 
show that there is a large circle of readers to whom 
the deductions of science have an unfailing interest. 
Beyond this, it conveys an assurance that every truth, 
however abstract it may appear, has a large popular value 
if studied in its relations to those generalities which 
embrace great natural phenomena. With tliis per- 
suasion the third edition of the " Poetry of Science^^ 
has been extended so as to include aU the important 
discoveries which have been made in Natural Philo- 
sophy to the end of the year 1853.. It is now pre- 
sented to the world in a new and cheaper form, in the 
hope, that, with the extension of its circulation, there 
may be awakened, in still larger circles, a deep and 
healthful interest in the sciences of which the volume 

treats. 

R. H. 

Edinburgh, March 7, 1854. 
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INTRODUCTION. 


The True is the BeautiM. Whenever this becomes 
eyident to our senses^ its influences are of a soul- 
elevating character. The beautiful^ irhether it is per- 
ceived in the external forfas of matter^ associated in the 
harnionies of light and colour^ appreciated in the 
modulations of sweet sounds^ or mingled with those 
inflxiences which are, as the inner life of creation, ever 
appealing to the soul through the vesture which covers 
all things, is the natural theme of the poet, and the 
chosen study of the philosopher. 

But, it wiU be asked^ where is the relation between 
the stem labours of science and the. ethereal system 
which constitutes poetry ? The fames of the laboratory, 
its alkalies and acids, the mechanical appliances of the 
observatory, its specula and its lenses, do uQt appear 
fitted for a place in the painted bowers of the Muses. 
But, from the labours of the chemist in his cell, — ^from 
the multitudinous observations of the astronomer on his 
tower, — spring truths which the philosopher employs to 
interpret nature^s mysteries, and which give to the soul 
of the poet those realities to which he aspires in his high 
imaginings. 

Science solicits from the material world, by the 
persuasion of inductive search, a development of its 
elementary principles, and of the laws which these obey. 
Philosophy starives to apply the discovered facts to the 
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great phenomena of being, — to deduce large generalities 
from the fragmentary discoveries of severe induction, — 
and thus to ascend from matter and its properties up to 
those impulses which stir the whole, floating, as it were, 
on the confines of sense, and indicating, though dimly, 
those superior powers which, more nearly related to 
infinity, mysteriously manifest themselves in the phe- 
nomena of mind. Poetry seizes the facts of the one 
and the theories of the other ; unites them by a pleasing 
thought, which appeals for truth to the most unthinking 
soul, and leads the reflective intellect to higher and 
h^her exercises ; it connects common phenomena with 
exalted ideas ; and, applying its holiest powers, it invests 
the human mind with the sovereign strength of the 
True. 

Truth is the soul of the poet's thought; — truth is 
the reward of the philosopher's toil ; -and their works, 
bearing this stamp, live among men through all time. 
Science at present rejoices in her ministry to the require- 
ments of advancing civilization, and is content to receive 
the reward given to applications which increase the 
comforts of life, or add to its luxuries. Every improve- 
ment in the arts or manufactures, beyond encreasing 
utilities for society, has a tendency to elevate the race. 
Science is ever useful in the working days of our week, 
but it is not to be neglected on our Sabbath,— -when, 
resting from our labours, it becomes agreeable to con- 
template the few truths permitted to our knowledge, 
and thus enter into communion as closely as is allowed 
to finite beings, with those influences which involve and 
interpenetrate the earth, giving to all things Life, 
Beauty, and Divinity. 

The human mind naturally delights in the discovery 
of truth ; and even when perverted by the constant 
operations of prevailing errors, a glimpse of the Real 
comes upon it like the smile of daylight to the sorrowing 
captive of some dark prison. The Fsychean labours to 
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try man^s soul, and exalt it, are the search for truth 
beneath the mysteries which surround creation, — to 
gather amaranths, shining with the hues of heaven, 
from plains upon which hang, dark and heavy, the mists 
of earth. The poet may pay the debt of nature, — the 
philosopher may return to the bosom of our common 
mother, — even their names fade in the passage of time, 
like planets blotted out of heaven ; —but the truths 
they have revealed to man bum on for ever with un- 
extinguishable brightness. Truth cannot die ; it passes 
from mind to mind, imparting light in its progress, and 
constantly renewing its own brightness during its dif- 
fusion. The True is the Beautiftd; and the truths ^ 
revealed to the mind render us capable of perceiving 
new beauties on the earth. The gladness of truth is like 
the ringing voice of a joyous child, and the most remote 
recesses echo with the cheerful sound. To be for ever 
true is the Science of Poetry, — the revelation of truth 1/ 
is the Poetry of Science. 

Man, a creation endued with mighty faculties, but a 
mystery to himself, stands in the midst of a wonderful 
world, and an infinite variety of phenomena arise around 
him in strange form and magical disposition, Uke the 
phantasma of a restless night. 

The solid rock obeys a power which brings its con- 
geries of atoms into a thousand shapes, each one geo- 
metrically perfect. Its vegetable covering, in obedience 
to some external excitation, developes itself in a curious 
diversity of forms, from the exquisitely graceful to the 
smgularly grotesque, and exhibits properties stiU more 
varied and opposed.! The animal organism quickened 
by higher impulses, — ^powers working within, and modi- 
fying the influence of the external forces, — presents, 
from the Monad to the Mammoth, and through every 
phase of being up to Man, a yet more wonderful series 
of combinations, and features still more strangely con- 
trasted. 
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Lifting our searching gaze into the measureless space 
beyond onr earthy we find planet bound to planet^ and 
system chained to system, all impelled by a uniyersal 
force to roll in regularity and order around a common 
centre. The pendulations of the remotest star are com- 
municated through the unseen bond ; and our rocking 
world obeys the mysterious impulse throughout all those 
forces which regulate the inorganic combinations of this 
earth, and unto which its organic. creation is irresistibly 
compelled to bow. 

The glorious sun by day, and the moon and stars in 
the silence and the mystery of night, are felt to influence 
all material nature, holding the great Earth bound in a 
many^stranded cord which cannot be broken. The 
tidal flow of the vast ocean, with its variety of animal 
and vegetable life, the atmosphere, bright with light, 
obscured by the storm-cloud, spanned by the rainbow, 
or rent with the explosions of electric fire, — attest to the 
might of these elementary bonds. 

These are but a few of the great phenomena which 
play their part around this globe of ours, exciting men 
to wonder, or shaksing them with terror. 

The mind of man, in its progress towards its higher 
destiny, is tasked with the physical earth as a problem, 
which, within the limits of a life, it must struggle to 
solve. The intellectual spirit is capable of embracing 
all finite things. Man is gifted with powers for studying 
the entire circle of visible creation ; and he is equal, 
under proper training, to the task of examining much 
of the secret machinery which stirs the whole. 

In dim outshadowing, earth's first poets^ from the 
loveUness of external nature, evoked beautiful spirtualiza- 
tions. To them the shady forests teemed with aerial 
beings, — ^the gushing springs* rejoiced in fantastic sprites, 
— the leaping cataracts gleamed with translucent shades, 
— ^the cavernous bills were the abodes of genii, — and the 
earth-girdling ocean was guarded by mysterious forms. 
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Such were the creations of the far-^searching mind in its 
early consciousness of the existence of unseen powers. 
The philosopher picked out his way through the dark 
and labyrinthine path^ between effects and causes^ and 
slowly approaching towards the lights he gathered 
semblances of the great Reality^ like a mirage^ beautiful 
and truthful^ although still but a cloud-reflection of the 
vast Unseen. 

It is thus that the human mind advances from the 
Ideal to the Beal^ and that the poet becomes the philo- 
sophery and the philosopher rises into the poet ; but at 
the same time as we progress from fable to fact^ much 
of the soul-sentiment which made the romantic holy^ 
and gaye a nob}e tone to every ajspiration^ is too 
frequently merged in a cheerless philosophy which dings 
to the earthy and reduces the mind to a mechani(»il 
condition^ delighting in the accumulation of facts^ re- 
gardless of the great laws by which these are regulated^ 
and the harmony of all l^elluric combinations secured. 
In science we find the elements of the most exalted 
poetry ; and in the mysterious workings of the physical 
forces we discover connections with the illimitable world 
of thought^ — in which mighty minds dehght to try their 
powers, — as strangely complicated, and as marvellously 
ordered, as in the psychological phenomena which have, 
almost exclusively, been the objects of their studies. 

In the aspect of visible nature, with its wonderful 
diversity of form and its charm of colour, we find the 
Beauti^; and in the operations of these principles, 
which are ever active in producing and maintaining \he 
existing conditions of matter, we discover the Subhme. 

The form and colour of a flower may excite our 
admiration; but when we come to examine all the 
phenomena which combine to produce that piece of 
symmetry and that lovely hue, — ^to learn the physio- 
logical arrangement of its structural parts, — ^the chemical 
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actions by which its woody fibre and its juices are pro- 
duced^ — ^and to investigate those laws by which is 
regulated the power to throw back the wlute sunbeam 
from its surface in coloured rays^ — our admiration passes 
to the higher feeling of deep astonishment at the perfec- 
tion of the processes^ and of reverence for their great 
Designer. There are, indeed, " tongues in trees ;^' but 
science alone can interpret their mysterious whispers^ 
and in this consists its poetry. 

To rest content with the bare enunciation of a truth, 
is to perform but one half of a task. As each atom of 
matter is involved in an atmosphere of properties and 
powers, which unites it to every mass of the universe, so 
each truth, however common it may J;)e, is surrounded 
by impulses which, being awakened, pass from soul to 
soul hke musical imdulations, and which will be repeated 
through the echoes of space, and prolonged' for all 
eternity. 

The poetry which springs from the contemplation of 
the agencies which are actively employed in producing 
the transformation of matter, and which is founded upon 
the truths developed by the aids of science, should be in 
no respect inferior to that which has been inspired by 
-the beauty of the individual forms of matter, and the 
pleasing character of their combinations. 

The imaginative view of man and his world — the 
creations of the romantic mind — ^have been, and ever 
wiU be, dwelt on with a soul-absorbing passion. The 
mystery of our being, and the mystery of our ceasing to 
be,*acting upon inteUigences which are for ever striving 
to comprehend the enigma of themselves, leads by a 
natural process to a love for the Ideal. The discovery 
of those truths which advance the human mind towards 
that point of knowledge to which all its secret longings 
tend, should excite a higher feeling than any mere crea- 
tion of the fancy, how beautiful soever it may be. The 
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phenomena of Reality are more startling than the phan- 
toms of the Ideal. Truth is stranger than fiction. 
Surely many of the discoveries of science which relate to 
the combinations of matter, and exhibit results which 
we could not by any previous eflforts of reasoning dare 
to reckon on, results which «how the admirable balance 
of the forces of nature, and thq might of their uncontrolled 
power, exhibit to our senses subjects for contemplation 
truly poetic in their character. 

We tremble when the thunder-cloud bursts in fiiry 
above our heads. The poet seizes on the terrors of the 
storm to add to the interest of his verse. Fancy paints 
a storm-king, and the genius of romance clothes his 
demons in lightnings, and they are heralded by thunders. 
These wild imaginings have been the delight of man- 
kind ; there is subject f©r wonder in them : but is there 
anything less wonderful in the well-authenticated fact, 
the dew-drop which glistens on the flower, that the tear 
which trembles on the eye-lid, holds locked in its trans- 
parent <;ells an amount of electric fire equal to that 
which is discharged during a storm from a thimder- 
cloud ? 

In these studies of the effects which are continually 
presenting themselves to the observing eye, and of the 
phenomena of causes, as far as they are revealed by 
Science in its search of the physical earth, it will be 
shown that beneath the beautiftd vesture of the external 
world there exists, like its quickening soul, a pervading 
power, assuming the most varied aspects, giving to the 
whole its life and loveliness, and linking every portion 
of this material mass in a common bond with some great 
universal principle beyond our knowledge. Whether by 
the improvement of the powers of the human mind, 
man will ever be enabled to embrace within his know- 
ledge the laws which regulate these remote principles, 
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we are not sufficiently advanced in intelligence to de- 
termine. But if admitted even to a clear perception 
of the theoretical Power which we regard as regulating 
the known forces, we must still see an unknown agency 
beyond us, which can only be referredto the Creator's 
wiU. 


THE 


POETEY OF SCIENCE. 


CHAPTER I. 

OKNERAL CONDITIONS OF MATTES. 

Its railed Characters, and constant change of external Form-* 
The Grain of Dust, its Properties and Powers — Com- 
binatioDs in inorganic Masses and in organized Crea- 
tions — Onr knowledge of Matter — Theory of Ultimate 
Atoms — ^The Physical Forces acting on the Composition of 
Masses — The certainty of the exercise of subtile principles, 
which are beyond the reach of experimental Science. 

The Physical Earth presents to us, in every form of 
orgaoic and inorganic matter, an infinite yariety of 
phenomena. If we select specimens of rocks, either 
crystalline or stratified, — of metals in any of their 
various combinations with oxygen, sulphur, and other 
bodies, — of gems glistening with light and glowing with 
colour, — ^if we examine the varied forms and hues of the 
vegetable world, or the more mjrsterious animal crea- 
tions, we must inevitably come to the conclusion, long 
since proclaimed, and admit that dust they are, and to 
dust must they return. Whatever permanency may be 
given to matter, it is certain that its form is ever in a 
state of change. The surface of the " Eternal Hills '^ 

B 


2 CHANGE OF TOBM. 

is worn away by the soft rains which fall to fertilize, 
and from their wrecks, borne by the waters to the 
ocean, new continents are formiag. The mutations of 
the old earth may be read upon her rocks and mountains, 
and these records of former changes tell us the infallible 
truth, that as the present passes into the fixture, so will 
the form of Earth undergo an important alteration. 
The same forces which lifted the Andes and the Hima- 
layas are stiU at work, and firom the particles of matter 
carried fix)m the present lands by the rivers into the sea, 
where they subside in stratified masses, there wiU, in 
the great fixture, be raised new worlds, upon which the 
work of life will go forward, and over which will be 
spread a vast Intelligence. 

If we regard the conditions of the beautiful and varied 
organic covering of the Earth, the certainty, the con- 
stancy, of change is ever before us. Vegetable life 
passes into the animal form, and both perish to feed the 
fixture plant. Man, moving to-day the monarch of a 
mighty people, in a few years passes back to his jnimi- 
tive clod, and that combination of elementary atoms, 
which ia dignified with the cirde of sovereignty and the 
robe of purple, after a period may be sought for in the 
herbage of the fields, or in the humble flowers of the 
valley. 

We have, then, this certain truth, — all things visible 
around us are but aggregations of atoms. From parti- 
cles of dust, which under the microscopecould scarcely 
be distinguished one fi*om the other, are aU the varied 
forms of nature created. This grain of dust, this particle 
of sand, has strange properties and powers. Science has 
discovered some truths, but still more are hidden within 
this irregular molecule of matter which we now survej, 
than have yet been shadowed in the dreams of our 
philosophy. How strangely it obeys the impulses of 
beat — ^mysterious are the influences of light upon it — 
electricity wonderfiilly excites it — and still more curious 
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is the manner in which it obeys the magic of chemical 
force. These are phenomena which we have seen ; we 
know them^ and we can reproduce them at our pleasure. 
We have advanced a little way into the secrets of natnre, 
and from the spot we have^ gained, we look forward 
with a vision somewhat brightened by our tajsk; but we 
discover so much to be yet unknown, tiiat we learn 
another truth,— our . vast ignorance of many things 
relating to this grain of dust. 

It gathers around it other particles; they cling 
together, and each acting upon every other one, and aQ 
of them arranging themselves around tiie Uttle centre 
according to some law, a beautiAil crystal results, the 
geometric perfectLou of its form being a source of admi- 
xation. 

It eserts some other powers, and atom cohering to 
dtom, obeying the influences of many external ra^ant 
forces, undergoes inexplicable changes, and the same 
dust which we find forming the diamond, aggregates 
into the lordly tree, — blends to produce the gracefdl, 
scented, and richly painted flower, — and combines to 
yield the luxury of firait. 

It quickens with yet undiscovered energies ; it moves 
with life : dust is stirred by the mysterious excitement 
of vital force; and blood and bone, nerve and muscle, 
are the results. Forces, which we cannot by.the utmost 
refinements of our philosophy detect, direct the whole, 
and from the same dust which formed the rock and 
grew in the tree, is produced a living and a breatliing 
thing, capable of receiving a Divine illumination, of 
bearing in its new state the gladness and the glory of a 
Soul. 

These considerations lead us to reflect on the amount 
of our knowledge. We are led to ask ourselves, what 
do we know? We know that the world with all its 
variety is composed of certain material atoms,, which, 
although presented to us in a great variety of forms, do 
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not in aU probabiHty differ veiyessentiaUy from each 
other. 

We know that those atoms obey certain conditions 
which appear to be dependent upon the influences of 
motion^ gravitation^ heat^ lights electricity^ and chemical 
force. These powers are only known to us by their 
effects ; we only detect their action by their operations 
upon matter; and although we r^ard the sevend 
phenomena which we haye discoyered^ as the manifesta^ 
tions of different principles^ it is possible they may be 
but modifications of some one universal power^ of which 
these are but a few of its modes of action. 

In examining^ therefore^ the truths which science has 
revealed to us^ it is advantageous^ for the purpose of 
fixing the mind to the subject^ that we assmne certain 
conditions as true. These may be stated in a few seji- 
tences^ and then^ without wasting a thought upcm those 
metaphysical subtleties which have from time to time 
perplexed science, and served to impede the progress of 
truths we shall proceed to examme our knowledge of 
^ the phenomena which constantly occur around us. 

Every form, whether iporgaic or organic, which we 
can discover within the limits of human search^ is com- 
posed of atoms^ which are capable of assunung^ under 
the influence of certain physical forces^ conditions essen- 
tial to the physical state of that body of which they 
constitute a part.* The known forces, active in pro- 

* Sir Isaac Newton supposed matter to consist of hardi> 
impenetrable, perfectly inelastic atoms, • 

Boscovitcb regarded the constitution of matter differently. The 
ultimate atom was with him a point surrouuded by powers of infi- 
nite elasticity. (See Dr, Robison's Mechanical Philosophy , for a 
full explanation of the theory of Boscoyitch.) 

The view entertained by Dr. Faraday, which will be compre- 
hended from one or two short exti'acts from his valuable and 
suggestive paper, claims attention : — 

**If the view of the constitution of matter already referred to be 
assumed to be coiTect-^and I may be allowed to speak of the 
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ducing these conditions^ are modes of motion ; gravita- 
tion and aggregation^ heat^ light; and associated with 
these, actinism or chemical radiation ; electricity, under 
all its conditions, whether static or dynamic; and 
chemical affinity, regarded as the result of a separate 
elementary principle. 

These forces must be considered as powers capable of 
acting in perfect independence of each other. They are 
possibly modifications of one principle; but this view 
being an hypothesis, which, as yet, is only supported by 
loose analogies, cannot, without danger, be received ia 
any explanation which attempts to deal only with the 
truths of science. "tT; 

We cannot examine the varied phenomena of nature, 
without feeling that there must be other and most active 
principles of a higher order than any detected by science, 

particles of matter, and the space between them (in water, or in 
the vapour of water, for instance), as two different things — the 
space must be taken as the only continuous part, for the particles 
are considered as separated by space from each otlier. Space will 
permeate all masses of matter in every direction like a net, except 
that in the place of meshes it will form cells, isolating each atom 
from its neighbours, and itself only being continuous. 

Examining the question of the conducting power of different 
bodies, and observing that as space is the only continuous part, 
so space, according to the received view of matter, must be at one 
time a conductor, at others a non-conductor, it is remarked : 

"It would seem, therefore, that, in accepting the ordinary 
atomic theoiy, space may be proved totbe a non-conductor in non- 
•conducting bodies, and a conductor in conducting bodies ; but 
the reasoning ends in this — a subversion of that theory altoeether ; 
for, if space be an insulator, it cannot exist in conducting bodies ; 
and if it be a conductor, it cannot exist in insulating bodies." — 
A Speculation touching Electric Conduction, mid the Nature of 
Matter : by Michael Faraday, D.C.L., F.R.S., Ac. : Philosophical 
Magazine, vol. xxiv. Third Series. 

See also Wollaston, On the Finiie Extent of the Atmosphere. — 
Phil. Trans. 1822. Yoijng, On the Essential Properties of 
Matter, — Lectures on Natural Philosophy. Mossotti, On Molecular 
Action, — Scientific Memoirs, vol. i. p, 44«. 
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to which behmg the miportaat operations of vitality,, 
-whether manifested in the plant or the animai. In 
treating of these, although speculation cannot he entirely 
avoided, it will be employed only so fiu* as it gives any 
assistance in Unking phenomena together. 

We have to deal with the active agencies which give 
&rm and feature to nature — ^which regulate t^e harmony 
and beauty and vigour of life — ^and upon which depend 
those grand changes in the conditions of matter, which 
must convince us that death is but the commencement" 
of a new state of being. 


THE MOTION OF THE EAKTH. 


CHAPTER II. 
MOTIOK. 

Are the Physical Forces modes of Motion? — Motion defined — 
Philosophical Views of Motion, and the Principles to which 
it has been referred — Motions of the Earth and of the Solar 
System— Visible Proofs of the Earth's Motion on its Axis- 
Influence of the proper Motions of the Earth on the Condi 
tions of Matter — Theory of the Conversion of Motion into 
Heat, &c. — The Physical Forces regarded as principles inde- 
pendent of Motion, although the Cause and often apparently 
the Effects of it. 

Many of the most eminent thinkers of the present time 
are disposed to regard all the active principles of nature 
as ^' modes of motion/^ — ^to look upon lights heat^ elec- 
tricity, and even vital force, as phenomena resulting firom 
"change of place^' among the particles of matter; thin 
change, disturbance, or motion, being depeiidi»3Lt upon 
some undefined mxyver.* 

The habit of leaving purely inductive examination for 
the delusive charms of hypothesis— of viewing the 

* '* Motion^ therefore, is a chajige of rectilinear distance betveen 
two points. Allowing the acouraey of this deiinitioni it appears 
that two points are necessary to constitute motion ; that in all 
cases, when we are inquiring whether or no any hody or point is 
in motion, we must recur to some other point which we can com- 
pare with it ; and that if a single atom existed alone in the universe, 
it could neither he said to he in motion nor at rest 

" The space which we caU quiesoont is in general the earth's 
surface ; yet we well know, from astronomical considerations, that 
every point of the earth's surface is perpetually in motion, and tiiat 
in very vaiious directions : nor are any material ohjects accessible 
to our senses which we can consider as absolutely motionless, or 
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material world as a metaphysical bundle of essential 
properties, and nothing more — ^has led some eminent 
philosophers to struggle with the task of proving that 
all the wonderful manifestations of the great physical 
powers of the universe are but modifications of motion, 
without the evidence of any antecedent force.* 

The views of metaphyscians regarding motion involve 
many subtle considerations which need not at present 
detain us. We can only consider motion as a change of 
place in a given mass of matter. Now matter cannot 
effect this of itself, no change of place being possible 
without a mover ; and, consequently, motion cannot be 
VL property of matter, in the strict sense in which that 
term should be accepted.f 

even as motionless with regard to each other ; since the continual 
variation of temperatui'e to which all bodies are liable, and the 
minute agitations arising from the motion of other bodies with 
which they are connected, will always tend to produce some im- 
perceptible changes in their distances."— l>c/«r« on Natural 
Philosophy^ Sfc, by Thomas Young, M.D. Edited bv the Rev. P. 
Kelland. 1845. 

* " The position which I seek to establish in this essay is, that 
the various imponderable agencies, or the affections of matter 
which constitute the main objects of experimental physics, viz., 
heat, light, electiicity, magnetism, chemical af&nity, and motion, 
are all correlative, or have a reciprocal dependence ;— that neither, 
taken abstractedly, can be said to be the essential or proximate 
cause of the others ; but that either may, as a force, produce, or be 
convertible into, the other : — ^thus heat may mediately or imme- 
diately produce electricity, electricity may produce heat, and so of 
the rest. . , . Although strongly inclined to believe that the 
five other affections of matter, which I have above named, are, and 
will ultimately be, resolved into modes of motion, it would be 
Pfoing too far at present to assume their identity with it : I, there- 
fore jse the term force, in refei-ence to them, as meaning that 
active force inseparable from matter, which induces its various 
changes."— 0» the Correlation of Physical Forces, by W. R. Grove, 
Esq., M.A., F.R.S. 

t When discussing the hypothesis of Hohhes—that no body can 
possibly be moved but by a body contiguous and moved — Boylc asks :— 
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Motion depends upon certain external disturbing and 
directing forces acting npon all matter; and^ conse- 
qnently, as every mode of action is determined by some 
excitement external to the body moved, motion cannot, 
philosophically, be regarded otherwise than as a pecu- 
liar affection of matter under determinable conditions. 
" We find,'' says Sir Isaac Newton, ^^but little motion 
in the world, except what plainly flows from either the 
active principles of nature, or from the command of the 
wifler.''* 

" I demand how there comes to be local motion in the world ? 
For either all the portions of matter that compose the tiuiverse 
have motion belonging to their natures, which the Epicureans 
affirmed for their atoms, or some parts of matter have this motive 
power, and some have not, or else none of them have it; but all 
of them are naturally devoid of motion. If it be granted that 
motion does naturally belong to all parts of matter, the dispute is 
at an end, the concession quite overthrowing tbe hypothesis. 

" If Mr. Hobbes should reply that the motion is impressed 
upon any of the parts of matter by God, he will say that which 
I most readily grant to be true, but will not serve his turn, if he 
would speak congruously with his own hypothesis. For I demand 
whether this Supreme Being that the assertion has recourse to, be 
a corporeal or an incorporeal substance? If it be the latter, and 
yet the efficient cause of motion in bodies, then it will not be uni- 
versally true that whatever body is moved is so by a body conti- 
guous and moved. For, in our supposition, the bodies that God 
moves, either imroediately or by the intervention of any other 
immaterial being, are not moved by a body contiguous, but by an 
incorporeal spirit.** — Some Constderations about the Reconcileable' 
"c*9 qf Reason and Religion : Boyle, vol. iii. p. 520. 
* Boyle has some ingenious speculations on this point : — 
'* That there is local motion in many parts of matter is manifest 
to sense, but how matter came by this motion was of old, and is 
still, hody disputed of: for the ancient Corpuscularian philoso- 
phers (whose doctrine in most other points, though not in all, we 
are the most inclinable to), not acknowledging an author of the 
universe, were thereby reduced to make motion congenite to 
matter, and consequently coeval with it. But since local motiow, 
or an endeavour at it, is not Included in the nature of matter, 
which is as much matter when it rests as when it moves ; and 
since we see that the same portion of matter may from motion be 
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Plato^ Arifitotle^ and the PythagoreaiiB^ si:^poaed tiiat 
throiighout all nature an active principle was diffuaed^ 
upon whicli depended all the properties exhibited by 
matter. This is the same as the 'Aplastic natnre'^ of 
Cudworth,* the "intellectual and artificial fire'' of 
Bishop Berkeley ;t and to these all modes of motion 
were referred. Sir Isaac Newton also regards the 

reduced to rest, and after it hath continued at reet, so long as other 
bodies do not put it out of that state, may by external agents be 
set a moving again ; I, who am not wont to think a man the worse 
naturalist for not being an atheist, shall not scruple to say with an 
eminent philosopher of old, whom I find to have proposed among 
the Greeks that opinion (for the main) that the excellent Des Cartes 
has revived amongst us, that the origin of motion in matter is 
firom God ; and not only so, but that thinking it veiy unfit to be 
believed, that matter barely put into motion, and then left to 
itself, should casually constitute this beautiful and orderly world ; 
I think also further, that the wise Author of things did, by estab- 
lishing the laws of motion among bodies, and by guiding the first 
motions of the small parts of matter, bring them to convene after ^ 
the manner requisite to compose the world ; and especially did 
contrive those curious and elaborate engines, the bodies of living 
creatures, endowing most of them with the power of propagating 
their species.** — Considerations and Experiments touching the Origin 
of Forms and Qualities: Boyle's Works, yoL ii. p. 460. £<im- 
buzgh. 1744. 
. * CudwoTtliB InteUedual System. 

f *' According to the Pythagoreans and Platonists, there is a 
life infused throughout all things ... an intellectual and 
artificial fire — an inward principle, animal spirit, or natural life, 
producing or forming within, as art doth without — ^regulating, 
moderating, and reconciling tlie various motions, qualities, and 
parts of the mundane system. By virtue of this life, the great 
masses are held together in their ordinaiy courses, as well as the 
minutest particles governed in their natural motions, according to 
the sevend laws of attraction, gravity, electricity, magnetism, and 
the rest. It is this gives instincts, teaches the spider her web, and 
the bee her honey; — this it is that directs the roots of plants to 
draw forth juice from the earth, and the leaves and the cortical 
vessels to separate and attract such particles of air and elemen- 
tary fire as suit their respective natures."*— Bishop Berkeley, Skis,. 
No. 277. 


t* - 
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material uniyeirse and its phenomena as dependent upon 
" active principles'' — ^for instance^ the cause of gravity — 
whereby the planets and comets preserve their motions 
in their orbits^ and all bodies acquire a degree of motioh 
in fidling; and the cause of fomentation — whereby the 
heart and blood of animals preserve a perpetual warmth 
and motion — the inner parts of the earth are kept con- 
stantly warmed — ^many bodies bum and shine — and the 
sun hunself bums and shines^ and with his fight warms 
and cheers all things/^ 

The earth turns on its axis at the rate of more than 
1,000 miles an hour, and passes around the sun wiih. 
the speed of upwards of 68,000 miles in the same time."!^ 
The earth and the other planets of our system move in 
ellipses around a common centre : therefore their motion 
cannot have been originally communicated merely by 
the impresaed forxse of pit^ection. Two forces, at least,, 
must hare operated, one makmg the planets tend 
db?€ctly to the centre, and the olher impelling th^n to 
fly off at a tangent to the curve described. Here we 
have a syts^em of spheres, held by some power to a great 
central mass, around which they revolve with a fearftd 
velocity. Nor is this all; the Solar System itadf, 
bound by^ ihe same mystic chain to an undiscovered 
centre, moves towards a point in space at the rate of 
83,550,000 geographical miles, whilst our earth per- 
&rms one revolution around the snn.t 

* " The revolution of the earth is perfonned in a natural day^ 
or, mote strictly apeakixig, once in ^3fa. 56' 4'', and as its mean 
oirciimfereBGe is 24,871 miles, it follows that any point in its equa- 
torial surface has a rotatory motion of more than 1 ,000 miles per 
hiHir. This vdocity must gradually diminish to nothing at eitibet 
pole. Whilst the earth is Qius revolving on its aicis, it has a pro- 
gressive motion ill its orhit. If we take the length of the earth's 
orbit at 630^000,000, its motion through space must exceed 68,4^ 
miles in the hoar.'* — ^Euc. Brit. art. Phynoal Qeographf. 

t *'Hex8 then we have the splendid result of the united studies 
of MM. ArgelaJider, 0. Struve, and Peters, groimded on obaerva- 
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The evidence of the motion of the Earth around its 
axis^ as afforded by the swinging of a pendulum or the 
rotation of a sphere, is too interesting to be omitted. 
In mechanical philosophy, we have two terms of the 
same general meaning — ^the conservation of the plane of 
vibration — and the conservation of the axis of rotation. 
For the non-scientific reader, these terms require 
explanation, and in endeavouring to simplify this as 
much as possible, we must ask the indulgence of the 
Mechanical Philosopher. Let us fix in the centre of a 
small round table an upright rod, having an arm ex- 
tending firom its top, to which we can suspend a tolerably 
heavy weight attached to a string. This is our piece of 
apparatus: upon the table draw a chalk line, along 
which line we intend oiur pendulum to swing, and con- 
tinuing this line upon the floor, or by a mark on the 
wall, our arrangeYgents are complete. Raise steadily 
the bob of our pendulum, and set it free, so that its 
plane of vibration is along the line which has been 
marked. As the pendulum is swinging firmly along 
this line, slowly and steadily turn the table round. It 

tions made at the three observatories of Dorpat, Abo, Pulkova, 
and which is expressed in the following thesis : — The motion of 
the solar system in space is directed to a point of the celestial 
vault situated on the right line which joins the two stars tt and /a 
HercuUsy at a quarter of the apparent distance of these stars, 
reckoning from ir HercuUs, The velocity of this motion is such, 
that the sun, with all the bodies which depend upon it, advances 
annually in the above direction 1*623 times the radius of the 
earth's orbit, or 33,550,000 geographical miles. The possible 
error of this last number amounts to 1,733,000 geographical miles, 
or to a seventh of the whole value. We may then wager 400,000 
%o 1 that the sun has a proper progressive motion, and 1 to 1 that 
it is comprised between the limits, of thirty-eight and twenty-nine 
millions of geographical miles." — Etudes dAstronomie Stellaire ,- 
^«r la Vde Lactee et sur Us Distances des Etoiles Fixes : M. F. 
W. G. Struve. [A report addressed to his Excellency M. Le 
Comte Ouvaroff^ 5linister of Public Instruction and President of 
the Imperial Academy of Sciences at St. Petersburg.] 
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will then be seen that the pendulum will still vibrate in the 
direction of the line we have continued onward to the wall, 
but that the line on the table is gradually withdrawn 
from it. If we had no upright, we might turn the table 
entirely round, without in the sUghtest degree altering 
the line along which the pendulum performs its oscilla- 
tions. Now, if from some elevated spot, say, from the 
centre of the dome of St. Paulas, a long and heavy pen- 
dulum is suspended, and if on the floor we mark the Une 
along which we set the pendulum free to vibrate, it will 
be seen^ as in the experiment with the table, that the 
marked line moves away from under the pendulum. It 
continues to vibrate in the plane it first described, 
sdthough the line on the earth's surface continues to 
move forward by the diurnal rotation around the axis. 
Similar to this is the law of the conservation of the axis 
of rotation. If a common humming-top, the spindle of 
which is its axis of rotation, is set spinning obUquely, it 
will be seen that the axis will continue to point along 
the line it took at the commencement of motion. 
By placing a heavy sphere in a lathe, resting its project- 
ing axial points on some moveable bearings, and then 
getting the sphere into extremely rapid motion, one of the 
bearings may be removed without the mass falling to 
the groimd. The rapidity of motion changes so con- 
stancy and quickly the position of the particles which 
have a tendency to &11, that we have motion balanced 
against the force of gravitation in a striking manner ; 
and we learn, from this experiment, the explanation 
of the planetary and steUar masses revolving on their 
axis at a speed sufficient to maintain* them without sup- 
port in space. A mass of matter, a sphere or a disc, 
carefully balanced, is fixed in gymbals such as we employ 
for fixing our compass needles, and it is set by some 
mechanical contrivance in rapid rotation. The position 
of the axis of rotation remains unaltered, although the 
earth is moving; and thus, by this instrument, — called the 
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^gyro6cope^-^we can determine^ as with the pendultilQ^ Use 
motion of the earth around its axis ; and we learn whjy 
during its movement around the snn^ its axis is nnde- 
viatifiigly pointed towards one point in space^ marked in 
our ileavens as the Polar Star. 

In addition to these great rotations^ the earth is sub- 
jected to other motions^ as the precession of the equi- 
noxes and the nutation of its axis. Rocking r^nlarly 
upon a point round which it rapidly reyolves^ whilst it 
progresses onward in its orhit^ like some huge top in 
tremulous gyration upon the deck of a vast aerial ship 
gliding rapidly through space^ is the earth performing 
its part in the great law of motion. 

The rapidity of these impulses^ supposing the powers 
of the physical forces were for a moment suspended^ 
would be sufficient to scatter the mass of oar planet 
over space as a mere star-dust. 

Limiting^ as mudht as possible^ the view whidi opens 
upon the mind as we contemplate the adjustments by 
which this great madiine^ our system^ is preserved in all 
its order and beauty^ let us fo^et the great movement 
of the whole through £^ace^ and endeavour to consider 
the effect of those motions which are directly related to 
the earthy as a member of one small group of worlds. 

We cannot for a moment doubt, although we have not 
any experimental proof of the fact^ that the proper 
motions of the earth materially influence the conditions 
of the matter of which it is formed. Every pair of 
atoms is^ like a balance, dehcately suspended, under 
the constant struggle which arises from the tendency to 
fly asimder, induced by ooe order of forces — centrifugal 
force — and the efforts of others, gravitation and cohe- 
sion, to chain them, tc^ether. The spring is brought to . 
the highest state of tensicKn— one tremor more, and it 
would be destroyed. 

We cannot, by any comparison with the labours of 
the most skilfid human artisan^ convey an idea of the 
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exquisite perfection of planetary meclianics, even so far 
as they have been discovered by the labours of science ; 
and we must admit that our insight into the vast 
machinery has been very limited. 

All we know is the fact that this planet moves in a 
certain order, and at a fixed rate, and that the speed is 
of itself sufficient to rend the hardest rocks ; yet the 
dehcate down which rests so hghtly upon the flower is 
undisturbed. It is, therefore, evident that matter is 
endued with powers, by which mass is bound to mass, 
and atom to atom ; these powers are not the results of 
any of the motions which we have examined, but, 
acting in antagonism to them, they sustain our globe in 
its present form. 

Are there other motions to which these powers can be 
referred ? We know of none. That absolute rest may 
not exist among the particles of matter is probable. 
Electrical action, chemical power, crystalline aggrega^ 
tion, the expansive force of heat, and many other known 
agencies, are in constant operation to prevent it. It 
must, however, be remembered, that each and every 
atom constituting a mass may be so suspended between 
the balanced forces, that it may be regarded as relatively 
at rest. 

Thex)ry imagines Motion as producing Force — a body 
is moved, and its mere mechanical change of place is 
regarded as generating heat; and hence the refinements 
of modem science have advanced to the ocmclusion that 
motion and heat are convertible. Admitting that the 
material atoms of which this world is formed are never 
in a state of qmescence, yet we cannot suppose any gross 
ponderable particle as capable of moving itself; but 
once set in motion, it may become the secondary cause 
of motion in other particles.* The difficulties of the 

* 

* " The first ^at ageot whicb the analysis of natural pheno- 
mena offers to our consideration, more freqnenliy and pronainently 
than any other, is force. Its effects are either, Ist, to counteract 
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case would appear to have been as follows : — ^Are heat, 
light, electricity, &c., material bodies? If they are 
material bodies — ^and heat, for example, is the cause of 
motion — must not the calorific matter move itself-:— or if 
it be not self-moving, by what is it moved ? If heat is 
material, and the primary cause of motion, then matter 
must have an innate power of moving ; it can convert 
itself into active force, or be at once a cause and an 
effect, which can scarcely be regarded as a logical 
deduction. 

We move a particle of matter, and heat is manifested ; 
the force being continued, light, electricity, and chemi- 
cal action result; all, as appears from a limited view of 

the eiertion of opposing force, and thereby to maintain equiUbrium ; 
or, 2ndly, to produce motion in matter, 

*' Matter, or that whatever it be of which all the objects in nature 
which manifest themselves directly to our senses consist, presents 
us with two general qualities, which at first sight appear to 
stand in contradiction to each other — ^actiyity and inertness. 
Its activity is proved by its power of spontaneously setting other 
matter in* motion, ana of itself obeying their mutual impulse, 
and moving under the influence of its own and other force ; 
inertness, in refusing to move unless obliged to do so by a force 
impressed externally, or mutually exerted between itself and 
other matter, and by persisting in its state of motion or rest 
unless disturbed by some external cause. Yet, in reality, this 
contradiction is only apparent. Force being the cause, and 
motion the effect produced by it on matter, to say that matter is 
inert, or has tner/ia, as it is termed, is only to say that the cause 
is expended in producing its effect, and that the same cause 
cannot (without renewal) produce double or triple its own proper 
effect. In this point of view, equilibrium may be conceived as a 
continual production of two opposite effects, each undoing at 
every instant what the other has done,"?— See continuation of 
the argument in Herschets Discourse on the Study of Natural 
Philosophy, page 223: 

In the Edinburgh New Philosophical Journal, vol. xlv., will be 
found a paper by Dr Kobert Brown — " Of the sources of motions 
upon the Earthy and of the means hy which they are sustained,'* 
which will well repay an attentive perusal, as pointing to a class 
of investigation of the highest order, and containing deductions of 
the most philosophic description. 
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the phenomena^ arising out of the mechanical force 
applied to the particle first moyed.* This mechanical 
force^ it mnst be remembered, is external to the body 
moved^ and is, in all probability, set up by the move- 
ment of a muscle, acted upon by nerves, under the 
influence of a. will. 

The series of phenomena we have supposed to arise 
admit of an explanation free of the hypothesis of motion, 
and we avoid the dangerous ground of metaphysical 
speculation^ and the subtleties of that logic which rests 
upon the immateriality of all creation. This explanation, it 
is freely admitted, is incomplete : we cannot distinctly 
correlate each feature of the phenomena, combine link 
to link, and thus form a perfect chain ; but it is suffi- 
ciently clear to exhibit what we do know, and leave the 
unknown free for unbiassed investigation. 

Each pajticle, each atom of that which conveys to our 
senses the only ideas we have of natural objects — ^pon- 
derable matter — is involved in, or interpenetrated by, 
those principles which we call heat and electricity, with 
probably many others which are unknown to us ; and 
although these principles or powers are, according to 
some law, bound in statical equihbrium to inert matter, 
they are freely developed by an external excitement, and 
the disturbance of any one of them, upsetting the eqmli- 
brium^ leaves the other power equally free to be brought 
under the cognizance of human sense by their effects. 

When we come to an examination of the influences 
exerted by these powers upon the physical earth, the 
position, that they must be regarded as the causes of 
motion rather than the effects of it, will be further con- 
sidered. At present it is only necessary to state thus 

* Friction, it is well known, generates heat ; by rapidly rubbing 
two sticks together, the Indian produces their ignition ; heat and 
light being both manifested. Under every niechaDical disturb- 
ance electrical changes can be detected, aod the action of heat in 
the combustiou of the wood is a chemical phenomenon. 

c 
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generally the views we entertain of the conditions of 
matter in connection with the imponderable forces and 
mechanical powers. The conversion^ as it has been 
called^ of motion into heat^ in the experiments of Coimt 
Bumford and Mr. Joule^* are only evidences that a 

^ CouDt Bumford's experiment consisted in placing a mass of 
metal in a box of water at a known temperature, and, by employ- 
ing a boring apparatus, ascertaining carefully the increase of 
heat aft6r a given number of revolutions. He thus describes his 
most satisfactory experiment : — 

"Everything being ready, I proceeded to make the experi- 
ment I had projected, in the following manner. The hollow 
cylinder having been previonslv cleaned out, and the inside of 
its bore wiped with a clean towel till it was quite dry, the square 
iron bar, with the blunt steel borer fixed to the end of it, was 
put into its place ; the mouth of the bore of the cylinder being 
closed at the same time by means of the circular piston through 
the centre of which the iron bar passed. 

" This being done, the box was put in its place ; and the join- 
ings of the iron rod, and of the neck of the cylinder with the 
two ends of the box, having beeu made water-tight, by means of 
collars of oiled leather, the box was filled with cold water (viz., at 
the temperature of 60^) and the machine was put in motion. The 
result of this beautiful experiment was very striking, and the 
pleasure it afforded me amply repaid me for all the trouble I had 
had, in contriving and arranging the complicated machinery used 
in making it. The cylinder, revolving at the rate of about tliirty- 
two times in a minute, had been in motion but a short time, when 
I perceived, by putting my hand into the water and touching the 
outside of the cylinder, that heat was generated, and it was not 
long before the water which surrounded the cylinder began to be 
sensibly warm. At the end of one hour, I found, by plunging 
a thermometer into the water in the box (the quantity of which 
fluid amounted to 18-77 lbs. avoirdupois, or 2^ wine gallons), 
that its temperature had been raised no less than 47^; being 
now 107o of Fahrenheit's scale. When thirty minutes more 
had elapsed, or one hour and thirty minutes after the machinery 
had been put in motion, the heat of the water in the box was 
142^. At the end of two hours, reckoning from the beginning 
of the experiment, the temperature of the water was found to be 
raised to 1 78^. At two hours twenty minutes it was at 200^ ; 
and at two hours thirty minutes it actually boUed^^^Inquiry 
concerning the Source of the Heat ewcited by Friction : Philosophi* 
cfid Transactions, vol. Ixxxviii. ▲•n. 1798. 
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certain xuiifOTmity exists between the mechanical force 
applied, and the amount of heat liberated. It does not 
appear that we have any proof of the conversion of 
motion into physical power. 

It is necessary, to a satisfactory contemplation of the 
wonderftd properties of matter, and of the forces regu- 
lating the forms of the entire' creation, that we should 
be content with regarding the elementary bodies which 
chemistry instructs ns form our globe, as tangible, pon- 
derable atoms, having specific and distinguishing pro- 
perties. That we should, as far as it is possible for 

" Mr. Joule brought a commiinication on the same subject before 
.the British Association at Cambridge, which was afterwards 
published in the Philosophical Magazine, and from that journal 
the following notices are extracted :— 

" The apparatus exhibited before the Association consisted of 
a brass paddle-wheel, working horizontally in a can of water. 
Motion could be communicated to this paddle by means of 
weights, pulleys, &c. The paddle moved with great resistance 
in the can of water, so that the weights (each of four pounds) 
descended at the slow rate of about one foot per second. The 
height of the pulleys from the ground was twelve yards, and 
consequently when the weights had descended through that dis- 
tance they had to be wound up again in order to renew the 
motion of the paddle. After this operation had been repeated 
sixteen times, the increase of the temperature of the water was 
ascertained by means of a very sensible and accurate thermometer. 
" A series of nine experiments was performed in the above 
manner, and nine expenments were made in order to eliminate 
the cooling or heating effects of the atmosphere. After reducing 
the result to the capacity for heat of a pound of water, it ap- 
peared that for each degree of heat evolved by the Motion of 
water, a mechanical power equal to that which can raise a weight 
of 890 lbs. to the height of one foot, had been expended. 

" Any of your readers who are so fortunate as to reside amid 
the romantic sceuery of Wales or Scotland could, I doubt not, 
confirm my experiments by trying the temperature of the wa^r 
at the top and at the bottom of a cascade. If my views be cor^ 
Tect, a fall of 817 feet will of course generate one degree of heat» 
«nd the temperature of the river Niagara will be raised about 
one fifth of a degree by its fall of 160 feet.**— Re/a^ton betweem 
Heat and Mechanical Power: Fhilosopb. Mag voL xxvii. 1845u 


20 FBOFBBTIES AND POWERS. 

finite miBidB to do bo^ endeavour to oonoem the powers^ 
or forces — grayitation^ molecular attraction, electnciiy^ 
lieat, light, and the principle which determines aU 
chemical phenomena — ^as manifestations of ageniaes 
which hold a place betwe^ the most subtile form of 
matter and the hidden principles of vitality^ which is still 
vastly inferior to the spiritual state, which reveals rtselT 
dimly in psychological phenomena, and arrives at it» 
sublunity in the God of the universe. 
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CHAPTER IIL 

G&4VITATION. 

The Forms of Matter — Shape of the Earth — Probability of the 
Mass forming this Planet having existed in a Nebulous State 
— Zodiacal Lights— Comets — ^Volatilization of Solid Matter 
by Artificial means — The principle of Gravitation— Its Influ- 
ence through Space and within the smallest Limits — Gravi- 
tating powers of the PlanetcH— Density of the Earth — ^Cer- 
tainly of Newton's Law of the Inverse Square — Discovery of 
Neptune— State of a Body relieved from Gravitation — ^Expe- 
riment explaining Saturn's Bing, &c. — General inference. 

Let us suppose tlie earth — consisting of tliree conditioiEis 
of matter ; the solid^ the fluids and the aeriform — ^to be 
set free from that power by which it is retained in its 
present form of a spheroid flattened at the poles^ but 
stin subject to the influences of its diurnal and annual 
rotations. Agreeably to the law which regulates the 
conditions of all bodies moving at high velocities^ the 
consequence of such a state of things would be, that our 
planet would instantly spread itseJf over an enormous 
area. The waters and even the solid masses of this 
globe would, in all probability, present themselves amidst 
the other phenomena of space in a highly attenuated 
state, revolving in an orbit around the sun, as a band of 
nebidous matter, which might sometimes be rendered 
sensible to sight by still reflecting solar light, or by 
condensation in the form of flights of shooting stars.* 

* Three hypotheses may he used to account for this most curious 
phenomenon^ 

Ist The body shines by its own light, and then explodes like a 
sky-rocket, breaking into minute fragments too small to be any 
longer visible to the naked eye. 

^. Such a body, having shone by its own light, suddenly 
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This may be illustrated by experiment. If upon a 
rapidly revolving disc we place a ball of dust^ it will bo 
almost immediately spread out^ and its particles will 
arrange themsclve3 in a series of regular curves^ varying^ 

ceases to be luminous. • ** The falling stars and other fiery meteoi-s 
which are frequently seen at a considerable height in the atinos 
phere, and which have received different names according to the 
variety of their figure and size, arise Irom the fermentation of the 
effluvia of acid and alkaUne bodies which float in the atmosphere. 
When the more subtile parts of the effluvia are burned away, the 
viscous and earthy parts become too heavy for the air to support, 
and by their gravity fall to the earth." — ^Keith's Use of the Globes^ 
According to Sir Humphry Davy, in the Philosophical Transact 
tions for 1847, " tlie luminous appearances of shooting stars and 
meteors cannot be owing to any mflammation of elastic fluids, but 
must depend upon the ignition* of solid bodies.'' 

3. The body shines by the i*etiected light of the sun, and ceases 
to be visible by its passing into the eaith's shadow, or, in other 
words, is eclipsed. Upon the two former suppositions the fact of 
the star's disappearance conveys to us no knowledge of its position, 
or of its distance from the earth ; and all that can be said is, that: 
if it be a satellite of the earth, the great rapidity of its motion in- 
volves the necessity of its being at no great distance from the earth's 
surface — much nearer than the moon; while the resistance it 
would encounter in traversing the air would be so great that it iis 
probably without the limits of our atmosphere. Sir J. W. Lu&- 
bock leans to the third hypothesis. — Sir J. W. Lubbock, On Shoot- 
ing Stars: Phil. Mag. No. 218, p. 81. 

Sir J. Lubbock also published a supplementary paper on the 
same subject, in No. 314, p. 170. 

Mr. J. r. Joule entertains an hypothesis with respect to Shooting' 
Stars similar to that advocated by Chladni to account for meteoric 
stones, and he reckons the ignition of these miniature planetary 
bodies by their violent collision with our atmosphere, to be a re- 
markable illustration of the doctrine of the equivalency of heat to> 
mechanical power, or vis viva. 

If we suppose a meteoric stone of the size of a six-inch cube to 
enter our atmosphere at the rate of eighteen miles per second oi" 
time, the atmosphere being y^ of its density at the earth's surface, 
the resistance otTered to the motion of the stone will in this case 
be at least 51,600 lbs. ; and if the stone traverse twenty miles with 
this amount of resistance, sufficient heat will thereby be developed 
ta give 1° Fahrenheit to tt,967,980 lbs. of water. Of course by far 
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with the velocity of the motion. In addition to the dis- 
integration which would arise from the tendency of the 
atoms to fly from the centre^ the motion^ in space^ of 
the planetary mass woidd BaturaUy occasion a trailing 
out, and the only degree of uniformity which this orb 
coidd, under these imaginary conditions, possibly pre- 
sent, would be derived from the combined effects of 
motions in different directions. 

Amid the remoter stars, some remarkable clond-like 
appearances are discovered. These nebulae, presenting 
to the eye of the observer only a gleaming hght, as from 
some phosphorescent vapour, were long regarded as 
indications of such a condition as that which we have 
just been considering. Astronomers saw, in those mys- 
terious nebulae, a confirmation of their views, which 
regarded all the orbs of the firmament as having once 
been thin sheets of vapour, which had gradually, from 
irregular bodies traversing space, been slowly condensed 
about a centre, and brought within the limits of aggre- 
gating agencies, until, after the lapse of ages, they 
become sphered stars, moving in harmony amid the 
bright host of heaven.* Geologists seized on those 

the lai'gest portion of this heat will be given to the displaced air, 
every particle of which will sustain the shock, whilst only the sur- 
face 01 the stone will be in violent collision with the atmosphere. 
Hence the stone may be considered as placed^in a blast of intensely 
heated air, the heat being communicated from the surface to the 
ceutre by conduction. Only a small portion of the heat evolved 
will therefore be received by the stone ; but if we estimate it at 
only Yhs i^ ^^ ^^ ^ equal to I'' Fahrenheit per 69,679 lbs. of 
water, a quantity q^uite equal to the melting and dissipation of any 
materials of which it may be composed. — Mr. J. P. Joule, On Shoot- 
ing Stars: Phil. Mag. IN o. 216, p. 348. 

* " Laplace conjectures that in the original condition of the solar 
system, the sun revolved upon his axis, surrounded by an atmos- 
phere which, in virtue of an excessive heat, extended far beyond 
the orbits of all the planets, the planets as yet having no existence. 
The heat gradually diminished, aud as the solar atmosphere con- 
tracted by cooling, the rapidity of its rotation increased by the laws 
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views with eagerness, as confinning theoretical conda- 
sions deduced tram an examination of the structure of 
the earth itself, and explained bjr them the gradual 
accretion of atoms into crystalline rocks firom a cooling 
mass. 

of TotatoTj motion ; and an exterior zone of yapour was detached 
from the rest, the central attraction being no longer able to over- 
come the increased oentri^gal force* This zone of vapour might 
in some cases retain its form, as we see it In Saturn's ring; but 
more usually the ring of vapour would break into several masses, 
and these would generally coalesce into one mass, which would re- 
volve about the sun." — Whewell's BfidgewaUr Trwiue. 

The following passage is translated by the same author fona 
Laplace : — 

" The anterior state (a state of cloudy brightness) was itself pre- 
ceded by other states, in which the nebulous matter was more and 
more dimise, the nucleus being less and less Inminons. We arrive 
in this manner at a nebulosity so diffuse, that its existence could 
scarce be suspected. Such is in fact the first state of the nebula 
which Herschel carefully observed by means of his telescope." 

Sir William Herschel has the following observations on these 
remarkable masses: — 

*' The nature of planetary nebulas, which has hitherto been in- 
volved in much danmess, may now be explained with some degree 
of satisfaction, since the uniform and very considerable brightness 
of their apparent disc accords remarkably well with a much con- 
densed, luminous fluid; whereas, to suppose them to consist of 
clustering stars will not so completely account for the milkiness or 
soft tint of their light, to produce which it would be required that 
the condensation of the stars should be carried to an almost incon- 
ceivable degree of aocumulation. 

" How far the light that is perpetually emitted from millions of 
suns may be concerned in this shining fluid, it might be presump- 
tuous to attempt to determine; but notwithstanding the incon- 
ceivable subtilty of the particles of light, when the number of the 
emitting bodies is almost infinitely great, and the time of the con- 
tinual emission indefinitely long, the quantity of emitted particles 
may well become adequate to the eonstitntion of a shining fliiid or 
huninous matter, provided a eause can be found that may retain 
them ixQttifiymg 4f> ^ rewmte them/'-^Obgermtions om N^ubrng 
Stan: PhUosophicai Transactions, vol. Ixxxi. a.d. 1791. 

In additton, the following Memoirs on the same subject, by Sir 
William Herschel, have been published in the Philosophical Tnauh 
actions:— CoMoyw ^ 1000 NebuUt aid Ckuten of Sttarg, roL 
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The researches of modem astronomers, aided by the 
magnificent instruments of Lord B/Osse,* have, however, 
shown that many of the most remarkable nebulae are 
only clusters of stars ; so remote from us, that the light 
from them appears blended into one diffused sheet or 
luminous film. There are, however, the Magellanic 
clouds, and other singular patches of light, exhibiting 
dianges which can only be explained on the theory of 
their slow condensation. There is no evidence to dis- 
prove the position that world-formation may stiQ be 
going on ; that a slow and gradual aggregation of par- 
ticles, under the influence of laws with which we are 
acquainted^ may be constantly in progress, to end, even- 
tually, in the formation of a sphere. 

May we not regard the zodiacal light as the remains 
of a solar luminiferous atmosphere, which once embraced 
the entire system of which it is the centre ?t Will not 

Ixxri. ; CataJoffue of another lOOQ, vnih remarks on the Heavens, vol. 
Ixxix. ; Catalogne of 500 morey with remarks as above, vol. xcii. ; 
(y such as have a cometdry appearance, vol. el. ; Of planetary 
nebula, ibid. ; Qf stellar nebula, ibid. ; On the sidereal part of 
the heavens, and its connection with the nebulous, vol. 'civ. ; On the 
relative distances of clusters vf nebulous stars, vol. cviii. 

* Lord Rosse*s beautifiil telescopes have been formed upon 
principles which appear to embrace the best possible conditions 
for obtaining a reflecting surface which should reflect the greatest 
quantity of light, and retain that property little diminished for a 
length of time. The alloy used for this purpose consists of tin and 
<K)pper in atomic proportions, namely, one atom of tin to four atoms 
of copper, or by weight 58*9 to 126 '4. — On the Construction of 
large Refleetmff Telescopes : by Lord Rosse. Report of the Four- 
teenth Meeting of the feritish Association, 1844, p. 79. 

t The best oescription of the Zodiacal light occurs in a letter 
famished by Sw John Herschel to the Times newspaper in March, 
1843 : — *' The zodiacal light, as its name imports, invariably ap- 
pears in the zo^ac, or, to speak more precisely, in the plane of the 
sun's equator, which is 7* inclined to the zodiac, and which plane, 
«een from the sun, intersects the ecliptic in longitude 78** and 258®, 
<nr so much in advance of the equinoctial points : in consequence 
it is seen to the best advantage at, or a little after, the equinoxes ; 
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the strange changes which have been seen to take place 
in cometary bodies, even whilst they were passing near 
the earth, — as the division of Biela's comet and the 
ultimate formation of a second nucleus from the de- 
tached portion, — ^strongly tend to support the probabi- 
lity of the idea that attenuated matter has, in the pro- 
gress of time, been condensed into solid masses, and 
that nebulous clouds must still exist in every state of 
tenuity in the regions of infinite space,* which, in the 

after sunset, at the spring, and before sunrise, at the autumnal 
equinox ; not only because the dii*ection of its apparent axis lies 
at those times more nearly perpendicular to the horizon, but also 
because at those epochs we are approaching the situation when it 
is seen most completely in section. 

** At the yemal equinox the appearance of the zodiacal light is 
that of a pretty broad pyramidal, or ratlier lenticular, body of light, 
which begins to be visible as soon as the twilight decays. It is 
very bright at its lower or broader part near the horizon, and, if 
there be broketi clouds about, often appears like the glow of a dis- 
tant conflagration, or of the rising moon, only less red, giving rise, 
in short, to amorphous masses of li^ht such as have been noticed 
by one of your correspondents as possibly appertaining to the comet. 
At higher altitudes, its light fades gradually, and is seldom trace- 
able much beyond the Pleiades, which it usually, however, attains 
and involves, and (what is most to ro^K present purpose) its axis at 
the vernal equinox is always inclined (to the nortliwai*d of the 
equator) at an angle of between 60^ and 70^ to the horizon, and it 
is most luminous at its base, resting on the horizon, where also it 
is broadest, occupying, in fact, an angular breadth of somewhere 
about 10° or 12*^ in ordinary clear weather." 

* " The assumption that the extent of the starry firmament is 
literally infinite has been made by one of the greatest of astrono- 
mers, the late Dr. Olbers, the basis of a conclusion that the celes- 
tial spaces are, in some slight degree, deficient in trantparency ^ 
80 that all beyond a certain distance is, and must remain for ever, 
unseen ; the geometrical, progression of the extinction of light far 
outrunning the effect of any conceivable increase in the power of 
our telescopes. Were it not so, it is argued, every part of the celes- 
tial concave ought to shine with the brightness of the solar disc, 
since no visual ray could be so directed as not, in some point or 
other of its infinite length, to encounter such a d^r^^Edinburgh 
Review, p. 185, for January, 1848 ; Etudes d^AstrononUe Stelkdre. 
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mysterious processes of world-formation, wiD, eventually, 
become stars, and reflect across the blue immensity of 
heaven, in brightness, that light which is the necessary 
agent of organisation and all manifestations of beauty ? 
The inferences drawn from a careful study of the con- 
dition of our own globe are in favour of the assumption 
of the existence of nebulous ipatter. By the processes 
of art and manufacture, by the operation of those powers 
on which organisation and life depend, solid matter is 
constantly poured oif in such a state that it cannot be 
detected, as matter, by any of the human senses. Yet 
a thousand results, daily and hourly ticcumulating as 
truths around us, prove that the solid metals, the gross 
earths, and the constituents of animal and vegetable life, 
all pass away invisible to us, and become " thin air/' 
"We know that, floating around us, these volatilized 
bodies exist in some material form, and numerous ex- 
periments in chemistry are calculated to convince us, 
that the most attenuated air is capable, with a slight 
change of circumstances, of beiag converted into the 
condition of sohd masses. Hydrogen gas, the lightest, 
the most ethereal of the chemical elements, dissolves iron 
and ziQC, arsenic, sulphur, and carbon; and from the 
transparent combinations thus formed, we can with 
facility separate those ponderous bodies* Such sub- 
stances must exist in our own atmosphere; why not 
in the regions of space? Whether this planet ever 
floated a mass of nebulous matter, only known by its 
dim and fihny light, or comet-like rushed through 
dpace with widely eccentric orbit, are questions which 
can only receive the reply of speculative miuds. 
Whether the earth and the other members of the Solar 
System were ever parts of a Central Sun,* and thrown 

* In the Astronomische Nachrichten of July, 1846, appeared a 
Memoir by M. Madler, Die Centralsonne, The conclusions arrived 
at by Mamer may be understood from the following quotation from 
a French translation, made by M, A. Gautier, in the Archives des 
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from it by some mighly eonvukion^ ihotigh now revolv- 
ing with all the other masses aronnd that orb^ chained 
in their circuits by some infinite power, is beyond the 
utmost refinements of science to discover. This hypo- 
thesis is, however, in its sublime conception, worthy of 
the master-mind that gave it birth. 

All we know is, that our earth is an oblate sphere, 
which, by the effects of its rotation around an axis, is 
somewhat enlarged at the equator and flattened at the 
poles ; — ^that it maintains its regular course around the 
sun, in virtue of the operation of two forces, one of 

Sciences Physiques et NaiturelieSt for October, 1846 :— " Quoiqu'il 
resulte de ce qui precede que la region du ciel que j'ai adoptee 
satisfait a toutes les conditions poshes plus haut, il n'en est pas 
moins convenable de la soumettre a toutes les 6preuves possibles. 
Pluaieursessaisde combinaisons differentes m'ont convaincu qu'on 
ne pourrait trouver aucim autre point dans le ciel qui put temr 
lieu, memo d'une maniere approcbee, que celui que j'ai adopte. 
On pourrait maintenant m'addresser I'bbjection que, si la region 
du ciel ou se trouve le centre de gravite de notre systeme d'etoiles 
£xes, est determinee par oe qui precede entre certaines limites, il 
n'en resulte pas la necessite de cboiair Alcyone pour ce centre, 
attendu qu'il pomrrait bien tomber sur quelqu'autre etoile situee 
dans le groupe ou dans son voisinage. Mais outre que c'est tout 
pres de la que se trouve le groupe le plus brillant et le plus ricbe 
en etoiles de tout le ciel, et qu'il ne s'agit point id d'un point 
•arhitraire cdtue dans le yoisinage pen apparent et qui n'ait lien 
qui le distingue, il ne se trouve nul part, meme dans la region 
Yoisine, une aussi exacte concordance des mouvements propres 
qu'ici, et ces mouvements correspondent mieux que tous les autres 
aux conditions etablies plus baut. Or si Ton doit considerer ce 
groupe central, entre les etoiles egalement ^loignees, on pent pre* 
aumer que la plus brillante de beaueoup presente la plus grande 
masse. Outre cela Alcyone, consideree optiquement, est au milieu 
du groupe des Pleiades ; et son mouvement propre, determine par 
Bessel, est plus exactement en accord avec la moyenne de ceux 
des autres Pleiades ; ainsi que des etoiles de cette region jusqu*a 
10*^ de distance. J e puis done itablir comme consequence de tout ce 
out, pfifeide que le groupe des Pleiades est le groupe central T ensemble 
au systeme des itoiles fixes, jusqu^aux limites extSrieures diterminies 
par la Vote Lacthj et que Alcyone est PStoile de ce groupe qui 
paralt itre, leplus traisemblahlement, le vrai SoleU central.** 
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which, acting constantly, would eventually draw it 
into the body of the sun itself; but that it is op- 
posed by the other, centrifugal force, and the varying 
momentmn of the revolving mass ; — that the same 
force acting from the centre of the earth itself, and 
firom the centre of every particle of its substance, 
resolves the whole into a globular form. 

The principle of Ghravitation* is that force which 
resides in every form of matter, by which particle is 
attracted by particle, and mass by mass, the less 
towards the greater. What this may be, we scarcely 
dare to speculate. In the vast area of its action, which 
opens before the eye of the taind, we see a power span- 
ning all space, and linking together ev^y one of those 
mjrriads of worlds which spangle the robe of the Infi- 
nite, and we are compelled to pause. Is this principle 
of gravitation a property of matter, or is it a power 
higher than the more tangible fwoes, is the question 
which presses on the mind. If we regard it as a subtile 
principle pervading all space, we compel ourselves to 
look beyond it for another power yet more refined; and 
we cannot halt until, ascending from the Kmitable to 
the illimitable, we resolve gravitation and its governing 
influences to the centre of all power — ^the will of the 
eternal Creator. 

Science has developed the grand truth, that it is by 
the exercis6 of this all-pervading influence that the 
earth is retained in its orbit — ^that the pellucid globe of 
dew which glistens on the leaf is bound together — ^that 
the debris which float upon the lake accumulate into 
one mass — ^that the sea exhibits the phenomena of the 
tides — and the aerial ocean its barometric changes. In. 
all things this force is active, and throughout nature it 
is ever present. Our knowledge of the laws which it 

* See the article On Gravitationf Fenny CyclopcQdia, from tho- 
pen of the Astronomer-Boyal. 
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obeys, enables us to conclude that the sun and distant 
planets are consolidated masses like this earth. We 
find that they have gravitating power, and by com- 
paring this influence with that exerted by the earth, we 
are enabled to weigh the mass of one planet against 
another. In the balance of the astronomer, it is as 
easy to poise the remote star, as it is for the engineer 
to calculate the weight of the iron tunnel of the Menai 
Straits, or any othermechanical structure. Thusthrough- 
out the universe the balance of gravitating force is un- 
erringly sustained. If one of the most remote of those 
gems of light, which flicker at midnight in the dark 
distance of the starry vault, was, by any power, removed 
&om its place, the disturbance of these delicately ba- 
lanced mysteries would be felt through all the created 
systems of worlds. 

From the peculiarity of the laws which this power 
called gravity obeys, it has been inferred that it acts 
jfrom centres of force ; it is proved that its power dimi- 
nishes in the inverse ratio of the square of the distance^ 
and that the gravitating power of every material body 
is in the direct proportion of its mass. In astronomical 
calculations we have first to learn the mass of our 
earth. Experiment informs us that the demrity of our 
hardest rock is not above 2*8; but from the enormous 
pressure to which matter must be subjected, at great 
depths from the surface, the weight of the superincum- 
bent mass constantly increasing, it is quite certain 
that the earth's density must be far more than this. 
Maskelyne determined the attraction of large masses 
by a plummet and line on the mountain Schehallion.^ 

* Delambre dates tbe commencement of modern astronomical 
observation in its most perfect form from Maskelyne, wbo was the 
first who gave what is now called a standard catalogue (a.d. 1790) 
of stars ; that is, a number of stars observed with such frequency 
and accuracy, that their places serve as standai-d points of the 
heavens. His suggestion of the Nautical Almanack, and his sur 
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Cavendish^ with exceedingly delicate apparatus, observed 
the attraction of masses of known weight and size upon 
each other. Applying the powers of arithmetical cal- 
culation^ and the data obtained from the small experi« 
ments to the lai^er phenomena^ Maskelyne determined 
the earth^s mean density to be 4*71, whilst Cavendish 
made it 5*48, but the more recent refined investigations 
of Baily have determined it to be 6 '67.* A. 

From data thus obtained by severe indnctive eiqperi- 
ments and mathematical ansJyses^ the astronomer^ by 
observing the deviations of a distant star^ is enabled to 
determine the influence of those stellar bodies near 
which it passes^ and^ hence^ to calculate the relative 
magnitudes of each. The accuracy of the law is in this 
way put to the severest test^ and the precision of astro- 
nomical prediction is the strongest proof of its univer- 
sality and truth. 

Broiling onward its lonely way^ in the far immensity 
of our system, the planet Uranus was discovered by 
the elder Herschel, — so great its distance that its 
diminished light could scarcely be detected by the 
most powerful telescopes; but since its discovery its 
path has been carefully watched, and some irregularities 
noticed. . Most of these disturbances were referable 
to known causes; but a Uttle alteration in its rate of 
motion observed when the planet was in one portion 
of its vast orbit was unexplained. Convinced of the 
certainty of Newton's law, and having determined 
that the attraction of known masses was insufficient 

perintendence of it to the end of his life, from its first publication 
m 1767, are mentioned in the Almanack (vol. i. p. 864) ; his Sche- 
haUion Experiment on Attraction in vol. iii. p. 69 ; and the charac- 
ter of his Greenwich Observations in Greenwich Observatory in vol. 
ii. p. 442. 

* Experiments to determine the Density qf the Earth. By Henry 
Oavendish, Esq., F.R.S. and F.A,S.— Philosophical Transactions, 
1798. , 
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to produce the disturbance observed^ these deviations 
were referred to the gravitating influence of a mass 
beyond the kxiown limits of our Solar System. By 
the investigations of Adamsin England,* and Le Yernep 
in France, t the place of the hypothetical mass was 
determined, and its size computed. As a grand 
confirmation of the great law, and to the glory of those 
two far-searching minds^ who do honour to their 
respective countries and their age, the hypothesis 
became a fact^ in the discovery of the planet Neptune 
in the place determined by rigorous calculation. Astro- 
nomy affords other examples of the sublime truth of 
the law of gravitation, than which science can affoxd no 
more elevated poetry. 

So completely is all nature locked in the bonds of 
this infinite power, that it is no poetic exaggeration to 
declare, that the blow which rends any earthly mass 
is conveyed by successive impulses to every one of the 
myriads of orbs^ which are even too r^uote for the 
reach of telescopic vision. 

An illustrative experiment must dose our consideration 
of relative operations of rotation and gravitation. We well 
know that a body in a fluid state would^ if suspended above- 
the earth, it being at the same time free to take any form, 
naturally assume that of a flattened spheroid, finom the 
action of the mass of the earth upon it : whereas the 
force of cohesive attraction acting equally from all sides 
of a centre, v^ould, if uninfluenced, necessarily produce 
a perfect sphere. The best method of showing that thi& 
would be the case, is as follows : — 

Alcohol and water are to be mixed together until the 

* Adams : An Bscplanation of the observed irregularities in the 
motion of UranuSy on the hypothesis of disturbance caused by a more 
distant Planet, — Appendix to Nautical Almanack for 1851. 

f Le Verrier: Premier Mimoire surla thSorie d Uranus, Comptes 
Itendus, vol. zxi. ; Sur la planete qui preduit Us anomalies obseroies^ 
dans le mouvement d Uranus. — 16. vol. xxiii. 
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fluid is of the same specific gravity as olive oil. If^ wheii 
this is effiected, we drop globules of the oil into the 
mixed fluid, it will be seen that they take an orbicular 
form ; — ^and, of course, in this experiment the power of 
the earth's gravitating influence is neutralized. The 
same drops of oil under any other conditions would be 
flattened. Simple as this illustration is, it tells much of 
the wondrous secret of those beautifully balanced forces 
of cohesion and of gravitation; and from the prosaic 
fiujt we rise to a great philosophical truth. Our experi- 
ment may lead us yet farther in exemplification of 
known phenomena. If we pass a steel wire through 
one of those floating spheres of oil, and make it revolv<» 
rapidly and steadily, thus imitating the motion of . 
planet on its axis, the oil spreads out, and we have th% 
spheroidal form of our earth. Increase the rapidity of 
this rotation, and when a certain rate is obtained the 
oil widens into a disc, a ring s^arates itself from 
a central globe, and at a distance from it still revolves 
around it.* Here we have a miniature representation of 

^ The experiment alluded to is one of a series by M. Plateau* 
who thus describes his arrangement of the fluid : — " We begin by 
making a mixture of alcohol and distilled water, containing a cer- 
tain excess of alcohol, so that when submitted to the tiial of the 
test tube it lets the small sphere of oil fall to the bottom rather 
rapidly. When this point is obtained, the whole is thrown unon 
filters, care being taken to cover the ^nnels containing these last 
with plates of glass ; this precaution is taken in order to prevent, 
as much as possible, the evaporation of the alcohol. The alco- 
holic liquor passes the first through the filters, ordinarily carrying 
with it a certain number of very minute spherules of ou When 
the greater part has thus passed, the spherules become more nume* 
reus; what still remains in the first filters, namely, the oil and a 
residue of alcoholic liquor, is then thrown into a single filter placed 
on a new flask. This last filtration takes place much more slowly 
than the first, on account of tlie viiscosity of the oil ; it is consider- 
ably accelerated by renewing the filter once or twice during the 
operation. If the funnel has been covered with sufficient care, the 
oil will collect into a single mass at the bottom of the flask und^ 

D 
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the ring of Saturn. This is a raggestive experiment^ 
the repetition of which, by reflectiYe minds^ cannot fail 
to lead to important deductions. The phenomena of 
cohesion^ of motion^ and graTitation, are all involved ; 
and we jNToduce results resembling^ in a striking man- 
ner^ the conditions which prevail in the planetary spaces, 
under the influence of the same powers^ If we take 
a glass globe, and having filled it with a fluid of the 
proper density, drop into it l«ge and «mJl globules of 
oil, we may j»oduce an instructive representation of 
the stellar vault, with its beautiful spheres of light 
revolving in their respective orbits ; and though cross- 
ing each other^s paths, still moving in obedience to 
attracting and rq^Uii^ torcea — onward in perfect 
harmony. 

From the centre of our earth to the utmost extremity 
of the universe — from the infinitely small to the im- 
mensely vast — gravitation exerts its force. It is met 
on all sides by physical powers acting in antagonism to 
it, but, like a rulmg q^t, it restrains them in their 
wildest moods. 

The smallest dust which floats upon the wind 
Bears this strong impress of the Eternal Mind. 
In mysteiy round it, suhtile forces roll; 
And graTitation binds and guides the whole. 
In every sand, before the tempest hurFd, 
Lie locked the powers which regulate a worid, 
And from each atom human thought may rise 
With might to pierce the mysteries of the skies, — 
To try each force which rules the mighty plan. 
Of moving planets, or of breathing man ; 
And from the secret wonders of each sod. 
Evoke the truths, and learn the power of God. 

a layer of alcoholic liquor.'*— On the Phenomena presented hy afree^ 
Liquid Mass Kithdrawn from the action of Gravity. By Professor 
Plateau, of the University of Ghent. Translated from the Memmrs 
of the Royal Academy of £rttfM&, vol. xvi. ; in the Sciemiifie 
Memoirs, vol. iv. part 18. 
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CHAPTER IV. 

MOLl&CrOXAB FORCES. 

t 

.Conditions of Matter'— Variety of organized Forme— IiiOTgantc 
Forms — ^AH matter reducible to tbe mo^ «implo oooditacMUs 
— Transmutation, a natural operation — Chemical Elemea- 
tary Principles — Divisibility of Matter — ^Atoms — Molecules — 
Particles— Molecular Force includes several Agencies — 
Instanced in the Action c^ Heat on Bodies — ^AU Bodies 

forous — iSohrtion — Mixture — €k>mbiQation — Centres tf 
'orce — Different States of Matter (Allotropic ConditiossI 
—Theories of Franklin, JElpiuus, and Coulomb — Electrical 
and Magnetic Agencies — Ancient Notions — Cohesive 
Atttaction, Ac. 

In eontemplatmg the 'WYH'ks of nmture^ we caioMst bat 
regard^ with feelmgs of rdligioos admiration, the infinite 
▼ari^ of forms «Qder wh]<^ matter is piesented to ow 
senses. On er&j hand the utmost diversity is ex- 
hibited; through all this^ we trace the most perfect 
order ; and over all is diffused the chann of beaotjr. It 
is the xmeducabed or depraved alone who find delbro^es 
in the creatiooB by which we are surrounded. 

The three oonditi(»i8 of matter are — the «dlid^ tibe 
fluid, and the aeriform ; and these belong eqraally to Hie 
(Kj^anic and the inorganic world. A 

In organic nature we have an almost infinite variety 
of animal &xm, pres^iting devd.opments widdy diflferent 
from each other^ yet in every case suited to tiie circum- 
stances required by tiie position which the cieature 
occupies in the scale of being. Urough the entire 
series, from &e Polype to the higher order of animah, 
even to man, we find a uniformity in the progress 
towards pearfecti<m^ and a continuity in the series, whidi 
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betrays the great secret, that the mystery of life is the 
same in all, — a pervading spiritual essence associated 
with matter, and modifying it by the master-mechanism 
of an Infinite mind. 

In the vegetable clothing of the surface of the earth, 
which fits it for the abode of man and animals — ^from 
the confervse of a stagnant pool, or the lichen of the 
wipd-beaten rocks, to the lordly oak or towering pabn — 
a singularly beaatiM chain of being presents itself to. 
the contemplative mind, and we cannot but trace 
the gradual elevation in the scale of organization. 

In the inorganic world, where the great phenomena 
of life are wanting, we have constantly exhibited the 
working of powers of a strangely complicated kind. 
The symmetrical arrangement of ciystalft— the diversi- 
fied characters of mineral formations — the systematic 
aggregations of particles to form masses possessing pro- 
perties of a peculiar and striking nature — ^all prove, that 
agencies, which science, with all its refinements, has not 
yet detected, are unceasingly at work. Heat, electricity, 
chemical power — ^whatever that may be-^— and the forces 
of cohesion, are known to be involved in the production 
of the forms we see ; but contemplation soon leads to 
the conviction that these powers are subordinate to 
others which we know not of. We know only the 
things belonging to the surface of our planet, and these 
but superficially. The geologist traces rock-forma- 
tions succeeding each other (from the primary strata 
holding no traces of organized forms, through the Paleo^ 
zoic series, in which, step by step, the history of animal 
life is recorded,) to the more recent formations, teeming 
with relics, which, though allied to some animal types 
still existing, are generally such as have passed away. 
The naturaj^t searches the earth, the waters, and the 
air, for their living things ; and the diversity of form, 
the variety of condition, and the perfection of oi^aniza- 
tion which he discovers as belonging to this our epoch 
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— differmg from^ indeed bearing but a slight relation to, 
those which mark the earth'cs mutations — exhibit^ in a 
most striking view, the endless variety of characters 
which matter can BBsume. 

We are so accustomed to all these phenomena oi 
matter, that it is with some difiSculty we can bend 
ourselves to the study of the more simple conditions 
in which it exists. 

The solid crusts of this telluric sphere — the waters 
and the atmosphere — ^the diversified fabrics of the vege- 
table kingdom — and the still more complicated struc- 
tures of men and animals — are, altogether, but the 
aggregation of minute particles in accordance with 
certain fixed laws. By mechanical means all kinds of 
matter may be reduced to j^owder, the fine particles of 
which would not appear very diflerent from each other, 
but each atom has been impressed with properties 
pectOiar to itself, which man has no power to change. 

To nature alone belongs the mysterious property of 
transmutation. The enthusiastic alchemist, by the 
agency of physical forces, dissipates a metal in vapour ; 
but it remains a metal, and the same metal stQl. By the 
Hermetic art he breaks up the combination of masses ; 
but he cannot alter the principles of any one of the 
elements which form the mass upon which his skiU is 
tried. 

Every atom is invested with properties peculiar to all 
of its class ; and each one possesses powers, to which in 
mute obedience it is compelled, by which these proper- 
ties are modified, and the character of matter varied. 
What are those properties ? Do we know anything of 
those powers ? 

The earth, so far as we are acquainted with it, is 
composed of about sixty principles, which we call 
elementary. These are the most simple states to which 
we can reduce matter, and from them all the forms of 
creation yet examined by the chemist are produced. 
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These elementary principles are, some of them, perma- 
nently gaseous under the ordinary temperature, and 
others exist as soKd masses ; the difference between the 
two conditions being regulated, as it appears, by the 
opposing forces of heat and cohesive attraction. 

Matter has been regarded by some as infinitely divi- 
sible ; but the known conditions of chemical combina- 
tions lead to the conclusion that there are limits beyond 
which matter cannot be divided.* The theory of atoms 
hawng determinate characters, and possessing symmetric 
forms, certainly has the advantage of presenting to the 
human mind a starting point— a sort of standing ground, 
—from which it can direct the survey of cosmical phe- 
nomena. The metaphysical hypothesis, which resolves 
aS matter into properties, and refers all things to ideas. 


* ''I'he diTOilalit}r of matter is great beyond the power of 
imagination, but we have no reason, for asserting that it is 
infinite; for the demonstrations which have sometimes been 
adduced in favour of this opinion are obviously applicable to 
space only. The infinite diyisibility of space seems to be essenr 
tui to the eoneepti^n that we have of its nature, and it may be 
stricdv demonstrated that it is mathematically possible to draw 
an inlnite number of circles between any given circle and its 
tangent, none of which shall touch either of them except at the 
general point of contact; and that a ship following always the 
same oblique course with respect to the meridian, — for example, 
sailing north-eastwards, — ^woulid eontintte {perpetually to approach 
the joiole without ever completely reaching it. But when we 
inqmre into the truth of the old maxim of the schools, that all 
matter is infinitely divisible, we are by no means able to decide 
80 positively. Newton observes that it is doubtful whether any 
human means may be sufficient to separate the partiGles of 
matter beyond a certain limit; and it is not impossible that 
there may be some constitution of atoms, or single corpuscles, 
on which their properties, as matter, depend, and which would 
be destroyed if the units were further divided; but it appears to 
lie more probable that there are no sudi atoms, and even if these 
are, it is almost certain that matter is never tiius annihilated in 
the common course of matter." — The Essential Properties qf 
Matter : Young's Natural Philosophy ; ed. by Rev. P. Lelland. 
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leates tlie mind in a state of imcertaixiity and liewilder* 
ment. 

Adapting the views of Dumas^ with some modifiGa^ 
tions^* it wiU be found more satis&ctoiy to- regard the 
^thnaie atoms of matter as points beyond the reach of 
our examinatioii ; which^ aecording to a law^ determined 
hy the inflnence^ of the so-called imponderable forces, 
imite to form molecules. Again^ these mcdecules com- 
Inne to form the particles of the mass which we m&j 
regard a» the Umit of mechanical division. The partides 
of solid bodies are solid^ those of flnids fluid, and those of 
gaseous bodies are themselves aeriform ; bat it does not 
follow tiiat the molecul^ of any body shouM be neces- 

* "Two very different hypotheses have been formed to ex- 
plain the nature of matter, or the mode of its formation ; the 
one known as the atomic theory, the other, the dj^numifc. The 
Ibundear of &e foormer and earlier was Lencippus: he oobbi- 
Stored the bask of all bodies to ba extremely fine partiGleB, 
differing in form and nature, which he supposed to be dispersed 
through ^aee, and to which his follower £picuru8 first gave 
the name of atoms. To these atoms he attributed a rectilinear 
motion, in consequenee of which suck as are b<»iiogmeoa8 
united, whilst the li^^ter were dispevsed through roaee. 1^ 
■author of the second hynothesis was the famous Kant. He 
imagined all matter existed, or was originated, by two antagonist 
and mutually counteracting principles, which he called attraction 
and repulsion, aH the predicates of which he referred to motion. 
Most modem philosc^hers, and foremost amongsi them Ampere 
axid Poifison, have adopted an hypothesis eanabmftiiu^ the features 
of both the preceding. They regarded the atoms as data, deriving 
their origin from the Deity as the first cause, and consider their 
innate attractive and repulsive force as a necessary condition to 
their eombination in bodies. The main features of tbis bypothew 
aze borrowed frooKi Aristotle, inasmoeh as he supposed tike basis 
of all bodies to be the four elements known to the aueients, the 
particles of which, endued with certain powers, constituted 
bodies. According to Ampere, all bodies consist of equal particles, 
^and they again of molecules that, up to a certain distance, 
jKttnKt each other. Their distance from each other he supposed 
to be regulated by the intensity of the attractive and repulsive 
forces, the latter of which, preponderates." — Peschel's Elements qf 
J^hysies; translated by E. West, 1845. 
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sarily solid^ fluids or aeriform, firom the circumstance of 
their having formed the particles of a body in one of 
these states. 

As this planet — a molecule in space — is formed of 
aggregated atoms, and enveloped by its own physical 
agencies — and as it is involved in the infinitely extending 
influences of other planetary molecules, and thus forms 
part of a system — so the molecules of any mass are 
grouped into a system or particle, which possesses the 
great characteristic features of the whole. 

In an aeriform body the particles are in a state of 
extreme tentdty, the molecules being themselves, by the 
influence of some repulsive force, just on the vei^e where 
cohesion exerts its decaying power. In fluid bodies the 
attenuation of the particles is less — ^the particles and 
also the molecules are nearer together, — ^whereas, in the 
solid body, the forces of cohesion are most strongly ex- 
erted, and all the molecular conditions brought more 
powerfully into action. 

Under the term molecular force, we include several 
agencies, — ^not aUke in the phenomena which they 
exhibit, but which are all-powerfol in producing the 
general characteristics of bodies. These require a 
somewhat close examination. All the particles of even 
a solid mass may be brought under conditions on which 
they are free to move. By heat we can increase the 
length and thickness of a bar of iron, or any other 
metal, and at length produce the fluid state, — a melted 
metal flows as freely as water in a stream. Fluids 
and gases in like manner obey the dispersive influence 
of caloric. Fi*om these and other analogous results we 
learn that all bodies have a greater or less degree of 
porosity. The distance at which the particles of fluid 
bodies are maintained is strikingly proved by the fact, 
that hydrated salts dissolved in water occupy no more 
space than that which is equal to the water contained in 
the crystalline body ; whUe anhydrous salts dissolve 
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HFithout at all increasing the bulk of the fluid. All the 
solid matter of the salt must^ in these eases^ it would 
appear^ go to fill up the interstitial spaces which we 
suppose to exist in the liquid.* 

The conditions which regulate the solubility of 
bodies^ and the power of solution^ regarded either as a 
mechanical or a chemical process^ are very obscure. 
We might be led to suppose^ that those bodies possess- 
ing the largest amount of unoccupied space were capable 
of holding the greatest quantity of soluble matter dis- 
solved. This, however, is far from being the case, the 
denser fluids generally having the greatest solvent 
power. 

The peculiar manner in which hydrogen gas appears 
to dissolve solid substances, — as iron, potassium, sodium, 
sulphmr, phosphorus, selenium, and arsenic, may be ex- 
plained by regarding the results as a manifestation 
of the powers of chemical affinity over the forms of 
bodies. In like manner, the solution of salt in water, 
or the mixture of alcohol in that fluid, may be viewed as 
chemical phenomena, although usually considered as 
simple cases of solution or mixture : alterations of tempera- 
ture and other physical changes taking place iu either. If 
two masses of metal, — either tin and copper, for example, 
— are melted and combined, the united mass will not 
equal the bulk of the two masses. If a pint measure of 
ofl of vitriol and an equal quantity of water are mixed 
together, the combined fluids will not fill a two pint 
measure.f 

* This was first proved by the researches of Dr. Dalton : the 
subject will be again alluded to under the consideration of atomic 
Tolmnes. 

t These peculiar phenomena may be studied Advantageously in 
the works of most of the eminent European chemists. In our 
own language the reader is refen*ed to Dr. Thompson's Outline of 
the Sciences of Heat and Electricity ^ ;2nd edition; Brande's 
Manual of Chemistry— Art, Specific Heat ; Graham's Elements qf 
Chemistry ; and Danioll's Introduction to the Study of Chemical 
Philosophy. 
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In these instances a lai^e quantity of heat is rendered 
sensible^ as if it had been squeezed out by th6 force 
inth which the particles combined^ from ins^erstices^ 
which were filled with, what we may be allowed to call, 
an atmosphere of heat. Hence we conclude that, 
amongst the influences determining the molecular con- 
stitution of a body, heat performs an imp(»tant part. 
AU these facts go to prove that the atoms which form 
the compound body, whatever may be its character, are 
disposed of as so many centres of force, which act by 
influences of a peculiar character upcm each other. That 
these influences are dependent upon known physical 
forces is certain ; but the laws by which the powers of 
the ultimaie atom are altered remain stiU unknown. 

In the great operations of nature, changes are pro* 
duced which we cannot understand, and Yariations of 
eondition do certainly occur, which may be r^arded as 
instances of transmutotion. 

Amongst others, we may adduce the different states 
in which we know carbon to exist. We have the 
diamond with its beautiful light-refracting ]iroperty, its 
hardness and high specific gravity, capable df being con- 
verted into graphite and coke.* Charcoal, graphite, and 
the diamond, are totally unlike each other, yet we know 
they are each composed of the same atoms. Charcoal 
is a bladu irregular substauee, light, and readily inflam- 
maUe ; graphite is crystallizable ; but the fonns of its 
crystals cannot be referred to those of the diamond, and 
it bums with difficulty. The diamond occurs in the 
most r^ular and beautifully transparent forms ; and it 
can be burned only at the highest artificial temperatures. 

^ Th^ conversion of the diamond into graphite and coke was 
first effected hy the agency jof the galvanic arc of flame, hy M. 
Jaquelini, and communicated to the Academy of Sciences in 1847, 
in a Memoir entitled, De VactUnL ealor^ue de la pile de Bunsen, 
^ ehakaneau kgaz oxygene et hgdrogene sur U earbom pur, arHfidel 
tt naiureL See Comptes Reudus, 1847, vol. xxiv. p. 1050 ; also 
Report ffthe British Association, for 1847, {Dransactions of Sections) 
p. 60. 
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Wc aare, however, convinced by experiment that the 
InrQIiant and transparent gem is made np of tbe same 
atoms as &ose which go to form the dull black mass of 
diarcoal. From diamonds, as is above stated, coke has 
been formed by the heat of the voltaic battery, and re- 
cent experiments have proved that the volatiKzed 
carbon constantly passmg off from one of the poles of a 
sufficiently powerfol battery, is deposited in a crystal- 
line powderV possessing m^t of the properties/as it 
r^ards hairdness, &c. of true diamond dnst. What is 
the mystery of this ? We know not. The pecuKar 
conditiona have been the subjects of anxious study ; but 
science has not yet let in a ray of Kght upon the 
mystery. That a different state-^it has been called 
an aUotropie condition — ^is often induced in the same 
class of atoms is certain ; and hence the yariety of the 
resulting compounds. To continue our illustrations 
with carbon — ^may not its comlnnations, in umfoom pro- 
portions with oxygen and hydrogen,* owe their differ- 
ences to some allotropic change in the ultimate atoms of 
this element. 
We know that silicon — ^the metallic base of flint — ^is 

* ** In the annua report on the progress of chemistry, presented 
to the Boyal Academy of Stockholm, in March 1840, I have 
proposed to designate by the term alhtropic statCy that dissimilar 
otmditton which is observed in certain elements, and long known 
examples of which are found in the different forms of carbon, as 
graphite and diamond. 

" Although these dissimilar conditions, which I have here called 
4dlotiopic, hKve long since attracted attention in one or two 
elements, still they have been regarded as exceptions to the 
genera] rule. It is at present my object to show that they are 
not so rare ; that it is probably rather a general property of the 
elements to appear in aL£ferent allotropic conditions; and that 
although we have hitherto heen unable to obtain several of the 
dements when uncomhined in their allotropic states, still their 
compounds indicate the same with tollable distinctness."^^ — Ber' 
^eUiu iMi th£ AUotrapy of the Elementary Bodies^ S^c. : Pogg^^ 
dorflTs Annalen, 1844. Scientific Memoirs, vol. iv. p. 240. 


44 PROBABLE ACTION OF THE 

capable of assuming two or more different states ; and 
that sulphur^ selenium^ phosphorus^ and arsenic^ are 
susceptible of these remarkable changes in which^ with- 
out the slightest variation in the chemical character^ a 
complete change in the physical condition is produced. 
Copper^ iron, tin, and manganese, are known to exist in 
at least two states of physical dissimilarity, and many of 
the rarer metals exhibit the same peculiarity.* Hence, 
may we not infer that some of those substances, which 
we now term elementary, are but altered conditions of 
the same element ? The resemblance between many of 
those bodies strengthens the supposition. Iridium and 
platinum, — ^iron and nickel, — chlorine, bromine, iodine, 
and probably fluorine, — are good examples of these 
similarities, although these bodies are all distinguished 
by physical and chemical differences. 

The light-refiracting gem, which glistens on the neck 
of beauty, and is valued for its transparency, differs only 
from the rude lump of coke in its molecular arrange- 

* Copper, when reduced by hydrogen at a heat below that of 
redness, on exposure to air soon becomes converted throughoat 
its mass into protoxide ; and when it is triturated for some time 
with an equivalent quantity of sulphur, it combines with it 
according to Bottcher's experiments, producing flame, and form- 
ing sulphuret of copper. If, however, the copper be reduced by 
hydrogen at a red heat, still considerably below the temperature 
at which it softens and begins to melt, it remains for years un- 
changed by exposure to air, and cannot be made to combine 
with sulphur without the application of heat. Tron, cobalt, and 
nickel, when reduced by hydrogen below a red heat, inflame after 
they have cooled, if exposed to the air ; and if they are imme* 
diately placed in water to avoid their taking fire, uiey inflame 
when they are again removed, and have become nearly dry. If 
we compare this behaviour with that of iron reduced by heat, 
and with iron in that state in which it forms the conductor of 
a galvanic cun'ent without becoming oxidized, it would appear 
that these peculiarities depended iipon something more than a 
difference of mechanical condition." — Berzelius on the Allotropjf 
€f Elementary Bodies. See On the Isomeric Conditions of the Per- 
oxide oJTin: by Prof. H. Rose.— Chemical Gazette, Oct. 1848. 
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meat. Chemistry teaches us that we may, without pro- 
ducing any disarrangement of the affinities, but by 
merely setting up molecular disturbance, effect decided 
changes, as is strikingly shown in the colour of iodide of 
mercury changing from red to yellow under slight in- 
fluences of heat, and back again to red by a gentle 
mechanical disturbance. By a slight change, merely 
molecular, iron may be made to resemble platinum in 
its physical properties.* An iron wire plunged into 
nitric acid is attacked by the acid with violence ; but if 
one extremity of the wire is heated in the flame of 
a spirit lamp, such a change of state is produced 
throughout the entire length of the wire, that if it be 
now plunged into nitric acid no effect is produced upon 
it. On studying this question, we find good reason for 
supposing that bodies which, though physically different, 
resemble each other in some of their properties, iodine, 
bromime, &c., are the results of different allotrojric con* 
ditions which have been impressed upon the ultimate 
atoms, similar to those observed in the substances 
named. This hypothesis appears to be more ibs^aosord- 
ance with the great principles which we must connive 

* On this curious subject, and its history, see Bergman's 
Dissert, de Phlog, quantitate in MetalUs, 1764. Kirwan, On the 
Attractive Powers of Mineral Acids : Philosophical Transactions. 
Rier's Experiments and Observations on the Dissolution qf Metals 
in Acids : Phil. Trans. 1790. 

From these valuable papers it will he seen that the peculiar 
states of iron had already attracted attention, particularly those 
''inactive conditions" noticed in a " Note sur la ManUre d^agir 
de V Acide nitrique sur le Fer, par J. F, W. Herschelf* Aug. 1833 ; 
and previously indicated by M. H. Braconnot, Sur quelques 
Pr<mriitSs de V Acide nitrique, Aunales de Chimie, vol. lii. p. 54. 
Beference should also be made to the Memoirs of Sir John. 
Herschel, On the Action of the Rays of the Solar Spectrum on 
Vegetable Colours, ^c. : Phil. Trans, vol. cxxxiii. p. 221 ; and On 
the Separation of Iron from other Metals: Phil. Trans, vol. cxi. p. 
293; and several papers by Schonbein, in the Pliilosophical 
Magazine, from 1837. 
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guided the labours of an Infinite Mind^ than that 
supposes a va^ number of individual dreationa. It will 
be seen in the sequel that lights heat^ clectricit]ry and 
chemical action^ have the power of producing yet more 
striking changes in the forms of bodies. Is it not 
probable that^ according to the operations of these 
agents^ either combined or separate^ acting o v^ different 
spaces of time, and under varying circumstanoes, in 
relation to the molecular forces, all those aUoirojidc 
states may be produced ? Hence bodies may be dis- 
covered, which, — from the imperfectious of sdenee, — 
resisting our means of aiialysis, must, for a time, be 
regarded as new ekm^its, whereas they are possifaly 
Qoly altered states of the same substance. 

The experiments of Faraday and of Plucker prove 
that all matter exists in certain polar conditions, iutving 
powers of mutual attraction and repulsion.* Are tiie 
molecular forces, so called, to be referred to any of those 
powers which are involved in the general term magnetic- 
polarity ? Are they not probably the result of sooae 
ultimate principle a£ which these propaties are but 
the modified manifestations? These questions will 
now be generally answered in favour of magnetism; 
but in our ignorance we should pause ; the next g^iera- 

* Faraday, in bis memoir On new Magnetic Actions, 4md on the 
Magnetic Conditions of all Matter, says : — " By the exertioa of 
this new condition of force, the body moved may pass either along 
the magnetic lines or across them, and it may move along or acn>ss 
them in either or any direction, so that two portions of matter^ 
simultaneously subject to this power, may be made to approach 
each other as if they were mutually attracted, or recede as if 
mutually repelled. All the phenomena resolve themselves into 
this, that a portion of such matter, when under magnetic action, 
tends to move from stronger to weaker places or points of force. 
When the substance is surrounded by lines of magnetic ibrce of 
equal power on all sides, it does not tend to move, and is then in 
marked contradistinction with a linear current of electricity under 
the same circumstances." — Phil. Trans, for 1846, voL cxxxvii^ 
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tioii will without doubt find another fioliiti<Hi for 
the problem. 

Fraoklin supposed the ultimate atoms of bodies to be 
sunoxmded by a subtile floid or ether, wideh they have 
tbe power of condaiBing upon their surfaces with 
great force — and we have experiments showing that 
this is probable* — whilst he r^arded the atoms of the 
ether itself as mutually r^ellent, thus establishing an 
equilibrium of forces. jSpinus reduced the hypothesis 
of FcankUn to a math^siatical theory ; and Coulomb 
proved that the force with which the repulsion of the 
ethereal atoms and the attraction of the material mole- 
cules are j^roduced, is, like uniFCfsal attraction, — ^to 
whatever pow^ that maybe due, — ^regulated by the law 
qS. tbe inverse ratio of the aquare of the distance. These 
views are found, upon minute examination, to hold true 
to the phenomena with whidi inductive science has 
made us acquainted ; and the striking manner in whicfa^ 
when submitted to the rigorous investigations of geome- 
ters, they agree with known conditions of electricity, 
ajqpears c^lainly to favour the opinion that this power 
may be matmally connected witih these molecular 
arrangem^its. 

Many of the phenomena which are connected with 
the magnetic ii^uences also bear in a remarkable 
manner upon tiiis inquiry. But, without the necessary 
proof of direct experim^ital evidence;, it were as vm- 
philosophical to refer the binding together of the 
molecules of matter to the agency of electricity, as it 
would be to adopt the Hkefxj of the. hooked atoms of 

^ New ExperimenU and Observations an Electricity made «tf 
TUladelphia, in America. — Addressed to Mr. OolUnson, from 1747 
to 1754. By Benjamin Franklin. Of these Priestley remarks: — 
" It is not easy to say whether we are most pleased with th« 
simplicity and perspicuity with which the author proposes every 
hypothesis of his own, or the noble frankness with which lie 
relates his mistakes^ when they were corrected by subsequent 
experiments." 
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Epicurus^ or the astrolc^cal dream of the sympathies of 
matter.* 

Science, however, enables us to infer with safety that 
the mechanical powers which regulate the constitution 
of a cube of marble, or a granite mountain, are of a 
similar order to those which determine the earth's re- 
lation to the other planets in the solar system, and that 
solar system itself a unit, in the immensity of space, to 
the myriads of suns which spangle the steUar vault. 

In fine, cohesion, or the attraction of aggregation, is 
a power employed in binding particle to particle. To 
cohesion, we find we have heat opposed as a repell^t 
force ; and the mysterious operations of those electrical 
phenomena, generally referred to as polar forces, are 
constantly, it is certain, interfering with its powers. In 
addition, we have seen that in nature there exists an 
agency which is capable of changing the constitution of 
the ultimate atoms, and of thus giving variety to each 
resulting mass. What thi^ power may be, our science 

* ** Tlie atomic pliilosophy of Epicurus, in its mere physical 
contemplation, allows of nothing but matter and space, vrhieh are 
equally infinite and unbounded, which hare equally existed from 
all eternity, and from different combinations of which every 
Tisible form is created. These elementaiy principles have no 
common property with each other ; for whatever matter is, that 
space is the reverse of; and whatever space is, matter is the con- 
trary to. The actual solid part of all bodies, therefore, are matter, 
their actual pores space, and the parts which are not altogether 
solid, but an intermixture of solidity and pore, are space and 
matter combined. 

'* The infinite groups of atoms, flying through all time and 
space in different directions and under different laws, have inter- 
changeably tried and exhibited every possible mode of rencoun- 
ter: sometimes repelled from each other by concussion, and 
sometimes adhering to each other from their own jagged or 
pointed consti'uction, or from the casual interstices which two or 
more connected atoms must pioduce, and which may be just 
adapted to those of other figures, — ^as globular, oval, or square . 
Hence the origin of compouud and visible bodies; heuce the 
origin of large masses of matter ; hence, eventually, the origin of 
the world itself." — Dr. Good's Book qf Nature. 
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cannot tell; but our reason leads us^ with firm con- 
viction, to the belief that it is a principle which is, 
beyond all others in its subtile influences which equally 
universal with, appears to rise superior to gravitation ; 
and which, like a spirituaHty, shadows forth to our 
dwarf conceptions the immensity of the divine power of 
the omniscient Creator. 

The molecular forces involve a consideration of all the 
known physical powers, the study of which, in their 
operations on matter, wfll engage our attention. But it 
is pleasant to learn, as we advance step by step in our 
examiiiation of the phenom^ia of creation, that we may 
study the grand in what externally app^trs the simple, 
and leam^ in the mysteries of a particle, the high 
truths which adenoe has to tell of a planet. 

It may «jppe«r that the fcxces of gravitation and cohe- 
sion are r^arded as identical. Many phenomena, which 
we are enabled to reach by the refinements of inductive 
inqimy, certainly present to ns a striking similarity in 
the laws vFhidb regulate the cqperations of these powers ; 
bat it must be remembered that their identity is not 
eatstbiished. So far fix>m this, we know the law of gra- 
vitating fooree. Newton determined with surprising 
aeenracy, that the action of this pow^ diminishes with 
the distsmoe as the universe square, but cohesive finrceis 
exerted only at such distances that it is impossible to 
determine whether or not it is snligeeted to the same law. 
To quote the words of Yoong : '^ The whole (^ our 
inquiries respecting tb& intimate nature c^ forces of any 
kind mnst be conndered merely as speculative amuse- 
ments, which are of no further utility than as they 
make our views more general, and assist our experi- 
mental investigations.''* 

* Tonnif 8 LeeHtres on Nmhuml PAito ny i y and ike Meehameai 
Art9. LeebBte 40), Oa t&e Eueaikd trofttrtieg oj Motter. 

E 
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CHAPTER V. 

CRYSTALLOGENIC FORCES. 

Crystallisation and Molecular Force distinguished — Experimental 
Proof — Polarity of Particles forming a Crystal— -Difference 
between Organic and Inorganic Forms — Decomposition of 
Crystals in Nature —Substitution of Particles in Crystals — 
Pseudomorphism'— Crystalline Form not dependent on Che 
mical Nature — Isomorphism — Dimorphism — Theories of 
Crystallogenic Attraction— Influence of Electricity and Mag- 
netism — Phenomena during Crystallisation— Can a change of 
Form take place in Primitive Atoms ? — ^Illustratiye Example 
of Crystallisation. 

^'Crystallisation is a peculiar and most admirable 
work of nature^s geometry, worthy of being studied 
by aU the power of genius, and the whole energy of the 
mind, not on aceoimt of the delight which always 
attends the knowledge of wonders, but because of its 
vast importance in revealing to us the secrets of nature ; 
for here she does, as it were, betray herself, and, laying 
aside all disguise, permits us to behold, not merely the 
results of her operations, but the very processes them 
selvss/^ — Such is the language of an Italian philosopher, 
Gulielmini ; and it is the stnking peculiarity of behold- 
ing the process of the formation of the regular geometric 
figures of crystals, the gradual accretion of particle to 
particle, which induces us to separate crystallization from 
mere molecular aggregation. Without doubt the forma- 
tion of a crystal and the production of an amorphous 
block are due to powers which bear a close resemblance 
in many points ; but they present remarkable differences 
^^ others. 
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Let us take some simple case in illustration. In 
quiet water we have very finely divided matter sus- 
pended^ and matter in a state of solution. The first is 
slowly precipitated, and in process of time consolidates 
into a hard mass at the bottom, presenting no particular 
character, unless it has been placed in some peculiar 
physical conditions; when, as in nature, we have a 
regular bedding which is intersected by lines of lamina- 
tion or of cleavage, which we are, from experiment, 
enabled to refer to the influence of current electricity. 
The second — ^the matter in solution — is also slowly 
deposited ; but it is accumulated upon nuclei which 
possess some peculiar disposing powers, and every par- 
tide is united by some particular face, and an angular 
figure of the most perfect character results. Many 
pleasing experiments would appear to show that elec- 
tricity has much to do in the process of crystaOization ; 
but it is evident that it must be under some peculiarly 
modified conditions that this power is exerted, if, indeed, 
it has any direct action. 

The same substances always crystallize in the same 
forms, unless the conditions of the crystallizing body are 
altered. It has been supposed that each particle of a 
crystalline mass has certain points or poles which possess 
definite properties, and that cohesion takes place only 
along lines which have some relation to the attracting 
or repeUing powers of these poles. We shall have, 
eventually, to consider results which appear to prove 
that magnetism is universal in its influence, and that 
this polarity of the particles of matter may be referred 
to it. 

Be the cause of crystallisation what it may, it presents 
to us in appearance a near approach in inorganic nature 
to some of the peculiar conditions of growth in the 
organised creation. In one, we have the gradual pro- 
ductibn of parts and the formation of members due to 
peculiar powers of assimilation, each individual pre- . 
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serving all ite distiiigmsiiiiig features ; and in tite other, 
we have a regular order of cohesion occurring under the 
influence of a power which draws like to like, and 
arrai^eB the whole into a form of beanty » 

'Hns appears to be the proper place for correcting an 
error too prevalent, relative to the formation of crystals, 
the development of cells, and the yet more &tal false- 
hood of referring the great phenomena (tf Life to any 
of the physical forces with which we are acquainted. 

Tbb CBYSTALybmif, by the accretion of particle to 
particle, akmg Imes determined by some yet miknown 
power. There is no change in the character of any 
partide — like coheres to Hke ; the first atom and the 
last of the series being identical in character. 

Ties Plant ^rows, not by the gathering together of 
similar particles of matter, bnt by the alMorption of a 
conpowHl particle — ^byttuit one iiinchmnst be regarded 
asiheprimaiynacIearatomarceQ. After this abaorptioa 
— m 'vbtne <rf a power which we caH um, excited into 
action by light — the compound partide is decomposed, 
and one constitiient is retained to effect the fermation 
of a new ceB, whilst the otbar is Kbented as an invisiUie 
air. Here we have a change of chemical canstitutian 
Reeled ; and th» takes place throng the whole period 
of ipegetable growth, firom the development of Hie pin- 
mnle np to the fonnation of the latest leaf iqx>n the 
topmost branch of the most lordly tree. 

Life has been referred to dectridiy and to chemical 
power — as the effect of a known cause. Without doubt^ 
during the operations of life ibe whole of die physical 
powers are necessary to the production of all the pheno- 
mena of growth in the veg^aUe and the animal world. 
But these powers are ever sabsidiary to vital force, and 
are Kke attendant sprits chained to do an endianter's 
bidding. 

Life is a force beyond the readi of human search, and. 
he who fancies he has a hold upon the principle which 
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produced biological phenomena^ has committed himseif 
to 9S wild a pursuit as he who rashly endeavours toeatdi 
a morass-meteor. 

Subtile as are the forces of lights heat, and electriciiy 
— that of life, vita&ty, is iufinitely loxxre refined, and it 
must for ever elude tiie search of tiie philosc^her. 

Man is pennitted to test and try all thin^ ^diich are 
created^ and to a^y to useful ends the disooveiies which 
he may make. JBut man can i^ver become a creator.; 
and he who would attempt to gire sense to an ineitmass 
of matter, by dectricity, heat, or light, will prove faim- 
adf as ignorant of nature's tmtii as is the senseless mass 
upon which he works. 

''So &r ahalt thou go, and no &rther/' was sakL 
equally to tibe ^eat tide-wave of human intellect, as to 
the mi^ty surge of the earth-girdling ocean. 

It must not be forgotten that a striking 
exists betweeai the productions of the mineral and tiie 
other kingdoms of nature. Animals and vegetables arrive 
at maturity by ancoessive devdc^ments, and inerease by 
the assimilation of substances, having the powar of pso- 
duiang tite most important duranical chaages upon sudi 
matter as comes witihin the range of their infiuenee ; but 
minerais are equally perfect in the earliest stagesof tlwir 
Ibrmatkni, and increase only, as previously said, by the 
acerettOQOL of particles wi&out their undogouig any 
change. 

The animal and vegetable tribes cease to continue the 
functions of life : death ensues, and a complete disorga- 
nisation takes place; but this is not the case in tihie 
mineral world : the crystal being the result of a con- 
stantly actmg fiiroe is not neces»uily liable to deoom- 
position. 

Nevirarthdess, we sometimes find in nature that crys- 
tals, after arriving 9k what may be r^arded as, in some 
sor^ their maturity, are, owing to a change of tte con- 
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ditions under which they were formed, gradually decom- 
posed. In our mines we discover skeletons of crystals, 
and within the hollow shell thus formed, other crystals 
of a different constitution and figure find nuclei, and the 
conditions required for their development. Again, to 
give a striking instance, the felspar crystals of the 
granitic formations are liable to decomposition in a 
somewhat peculiar manner. In decomposing, these 
crystals leave moulds of their own peculiar forms, and it 
not un&equently happens, in the stanniferous districts 
of Cornwall, that oxide of tin gradually fills these moulds, 
and we procure Jbhis metallic mineral in the form of the 
earthy one. Then we have the curious instances of 
bodies crystallisinG: in a false form under chancre of cir- 
comstaiu^. We find, for example, Pseudomor]^lu8m, (or 
false-form), as this class of phenomena is named, occur- 
ring by the removal of the constituent atoms of one 
crystal, while another set — ^which naturally assumes a 
different form — takes their place, yet still preserving 
the original shape. It often happens that copper pyrites 
will, in this manner, exhibit the angles of an ordinary 
variety of crystallised carbonate of iron. These curious 
changes may be familiarised by supposing a beautiftd 
statue of gold, from which some skilful mechanic removes 
particle by psurticle, and so skilfully substitutes a grain of 
brass for every one of gold removed, that the loss of the 
precious metal cannot be detected by any mere examina- 
tion of its form. 

Crystalline form is not strictly dependent upon the 
chemical nature of the parts forming the crystal. The 
same number of atoms, arranged in the same way, pro- 
duce the same form. Substances much unlike each 
other will assume the same crystalline arrangement. 
Magnesia, lime, oxide of cadmium, the protoxides of 
iron, nickel, and cobalt, combined with the same add, 
present similarly formed bodies. These Isomorphic 
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{like-form) * peculiarities are exceedingly common^ and 
the discoverer of the phenomena, Mitscherlich, an- 
nounced the above law. It cannot, however, be regarded 
as a philosophical expression of the fact, and requires 
reconsideration — chemical elements of a dissimilar cha- 
racter may have the same law of aggregation, and thus 
produce the same form, without having any relation to 
the number of atoms. 

We also find compounds which have two distinct 
systems of crystallisation. This property, Dimorphism, 
is very strikingly shown in carbonate of lime, which 
occurs in rhombohedrons, in calc spar, and in rhombic 

:'.' " Gay Lussac first made the remark, that a crystal of potash 
alum, transferred to a solution of ammonia alum, continued to in- 
crease without its form being modified, and might thus be covered 
with alternate layers of the two alums, preserving its regularitv and 
proper crystalline figure. M. Beudant afterwai*ds obseived that 
other bodies, such as the sulphates of iron and copper, might pre- 
sent themselves in crystals of the same form and angles, although 
the form was not a simple one, like that of alum. But M. Mits- 
cherlich first recognised this correspondence in a sufficient number 
of cases to prove that it was a general consequence of sirailanty of 
composition in difierent bodies.'* — Graham's Elements of Che- 
mistry (1842), p. 136. 

The following remarks are from a paper by Dr. Hermann Kop^^ 
On the Atomic Volume and Crystalline Condi'ion of Bodies, ^c, 
published in the Philosophical Magazine for 1841 : — ** The doctiine 
of isomorphism shows us that there are many bodies which pos- 
sess an. analogous constitution, and the same crystalline form. 
Our idea of the volume (or, in other words, of the crj'stalline form) 
of these bodies must therefore be the same. From this it follows 
that their specific weight is connected with mass contained in the 
«ame volume. From these consideri^ons the following law may 
be deduced: The specific weight ofMomorphous bodies is propor- 
tional to their atomic weight, or isomorphous bodies possets the same 
atomic volume.^ — page 255. A translation appears in the Caven- 
dish Society, from Dr. Otto*s Ghemistiy, On Isomorphism, which 
may be advantageously consulted. See also a paper by M. Bose, 
translated from the Proceedings of the Royal Berlin Academy for 
the Chemical Gazette^ Oct. 1848, entitled, On the Isomeric Condi" 
fions of the Peroxide of Tin. 
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prisms in arragonite. The molecular arrangemients here* 
are not^ howeyer^ of equal stability^ and one form is 
evidently forced upon the other^ and is abandoned by it 
on the slightest disturbance. When a prism of arra- 
gonite is heated it breaks up into the rhombs of common 
calc spar^ at a temperature far below that at irhidL the 
carbonate of lime is decomposed ; but no alteration of 
temperature can convert calc spar into arragonite. 

Crystals are found in the most microscopic character,, 
and of an exceedingly lairge size. A crystsdof quartz at 
Milan is three feet and a quarter long, and five feet and 
a half in circumference, and its weight is 870 pounds^ 
Beryls have been found in New Hampshire measuring 
four feet in length * 

In the dark recesses of the earth, where the influences 
which produce organisation and life cease to act, a~ 
creative spirit stOl pursues its never-ending task of giviag^ 
form to matter. 

The science of ciystallogeny,t embracing the theoreti- 
cal and practical question of the causes produdng these 
geometric forms, has in various ways attempted to ex- 
plain the laws according to which molecules arrange^ 
themselves on molecules in perfect order, giving rise ixy 
a rigidly correct system of architecture. But it cannot 
be said that any theory yet propounded is sufficiently 
exact to embrace the whole of the known phenomeim, 
and the questions, — ^What is crystallogenic attraction, 
and what is the physical nature of the idtimate particles- 
of matter, — are still open for the inquiries of that 
genius which delights in wrestling with the secrets ot 
nature. 

* J. System of Mineralogy t comprising the most recent discoveries^ 
by James D. Dana, A.M., New York, 1844. 

f Crystallogeny, or the formation of crystals, is the term em- 
ployed by Dana, in his admirable work quoted above: whose- 
remarks on Theoretical Crystallogeny j p. 71, are well worthy of all 
attention 
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TSie great Epicurus speculated on the ^' ^astic tiature^' 
of atomSj and attribute to this nature the po^er the^ 
possess of arranging themselves into sjmmel^c forms. 
Modem philosophers satisfy themselves mv^ attraction, 
and^ reasoning from analogy^ imagine t)lat each atom 
has a polar system. 

Electricity^ and h^t, and heat, eiert remarkable 
powers, and accelerate or retaid crystallisation according 
to the CQXiditions under which these fonoes are brought 
to bear on the crystallising mass. We have recently 
obtained evidence which appears to proif e that some fonn 
of magnetism has an active influence in determining the 
natural forms of crystals, and we discover that magnetism 
exerts a peculiar influence in relation to the optic axes of 
crystals, which is not exerted in lines at right angles to 
these. Electricity appears to quicken the process of 
crystallme aggregation — to collect more readily together 
those atoms which seek to combine — to bring them all 
within the limits of that influence by which their sym- 
metrical ferms are determined; and 8to)ng evid^iee is 
now afforded, in support of the tiieory of magnetic 
polarity, by the refin^ investigations of Faraday and 
Plucker, which pcove that magnetism has a diref^ing 
influence upon crystalline bodies.* 

It has been found that crystals of sulphate <^ iron, 
skiwly formix^ from a solution which has been placed 
within the range of suJBciently powerful magnetic force, 
dispose tliemsdves aloiig certain magnetic curves, such 
as are formed around a magnet by steel filings ; whereas 
the crystals of the Arbor Dianse, or silver tree, farming 

* On the Magnetie Bekiums of the Pcsiiwe €md NefftOite Optic 
AMe$ f^ CrfwUUSt by F^fessor Hiieker, of Bonn. — ^PhiloBophieal 
Ma^^ne, No. 231 (3rd Series), p. 450. Experimmtai Hewmfter 
on Bketrieifyj On the Crystailine Polurity of Bismuth tmd other 
bodies, and on tft Ration to the Mtt§wtic form of Farce i by 
Miobael Faradayv Esq., F.Bi;.— Tkansaetions of tbe Boyal Society 
for 184» 
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under the same circumstances^ take a position nearly at 
right angles to these curves. Certain groups of crystals 
have been found in nature, which appear to show, by 
their positions, that terrestrial magnetism has been active 
in producing the phenomena they exhibit; indeed, 
nearly all our mineral formations in^cate the influences 
of this, or some similarly acting power.* 

During rapid crystallisation, some salts — ^as the sul- 
phate of soda, boracic acid, and arsenious add crystallis- 
ing in muriatic add — exhibit decided indications of 
electrical excitement ; light is given out in flashes. We 
have evidence that crystals e^ibit a tendency to move 
towards the light, and that crystallisation takes place 
more readily, and progresses with greater activity in the 
sunshine than iiv the shade. Professor Pliicker has 
recently ascertained that certain crystals — ^in particular 
the cyanite — "point very well to the north, by the mag- 
netic power of the earth only. It is a true compass 
needle ; and, more than that, you may obtain its decli-^ 
nation." We must remember that this crystal, the 
cyanite, is a compound of silica and alumina only. This 
is the amount of experimental evidence which sdence has 
afibrded in explanation of the conditions under which 
nature pursues her wondrous work of crystal formation. 
We see just sufficient of the operation to be convinced 
that the luminous star which shines in the brightness of 

^ In the Memoirs of the Geological Survey of the United King- 
donif and of the Museum of Economic Geology ^ vol. i. 1846, will be 
found a paper, by the author of this volume, On the Influences of 
Magnetism on Crystallisation^ and other Conditions of Matter y in 
which the subject is examined with much care. See also Magnet- 
isme polaire d^une montagne de Chlorite schisteuse et de Serpentine : 
Annales de Ghimie, vol. xxv. p. 827 ; Influence du MagnStisme smr 
ies actions chimiques, by T Abbe Eendus; and also a notice of the 
experiments of liitter and Hansteen, " Analysees par M. (Ersted; " 
also Effets du Magnktisme terrestre sur la precipitation de V Argent^ 
observes par M. ^Juschman: Annales de Gldmie, vol. xxxviii. p. 
196—201. 
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Heaven_, and the cavern-secreted gem^ are equally the 
result of forces which are known to us in only a few of 
their modifications. 

Every substance^ when placed under circumstances 
which allow of the free movement of its molecules^ has 
a tendency to crystallise. All the metals may, by slowly 
cooling from the melting state, be exhibited with a crys- 
talline structure. Of the metallic and earthy minerals, 
nature furnishes us with an almost infinite variety of 
crystals, and, by a reduction of temperature, yet more 
simple bodies assume the most symmetric forms. Water, 
in the conditions of ice and snow, is a familiar and beau- 
tiful example ; and, by such extreme degrees of cold as 
are artifidially produced, many of the. gases exhibit a 
tendency .to a crystalline condition. 

May not the solid elementary atoms be susceptible of 
change of form imder different influences? May not 
the different states under which the same bodies are 
found — as, for example, silica, carbon, and iron — be due 
entirely to a change in the form of the primitive atom ? 

Adinitting the probability of this, we then easily see 
that the central molecule, formed of an aggregation of 
such atoms, uniting by particular faces, woidd present a 
determinate form ; and that the resulting crystal, a mass 
of such molecules, cohering according to a given law, at 
certain angles, would present such geometric figures as 
we find in nature, or produce in OTir laboratories, when 
we avail ourselves of processes which nature has taught 
us. 

If we take a particle of marble, and place it in a laige 
quantity of water acidulated with sulphuric acid, it 
dissolves, and a new compound results. The marble 
disappeiEU's — ^the eye cannot detect it by form or colour : 
the acid also has* been disguised — ^the taste discovers 
nothing sour in the fluid. We have, in combination 
with the water, the lime and sulphuric acid ; but that 
combinatiou appears to the eye in no respect different 
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fiom the water itself. It is colourless and perfectlj 
transparent, although it holds a mass of solid matter 
which previously would not allow of the permeation of 
a ray of light. Let us expose this fluid to such circuin- 
stances that the water will slowly evaporate, and we 
shall find forming in it, after a time, microscopic par-> 
tides of solid, l^ht-rdfracting matter. These particles 
^gradually increase in size, and we may watch their 
growth until eventually we have a symmetric figure. 
SutiMly duped, 1i.e irinu«y fona o/which is a^t 
rhomboidal prism. Thus in nature, by the action, in 
all probability, of vegetable matter on the sulphates held 
in solution by the water of the great rivors and the 
ocean — aided by our oYidiring atmosphere — sulphuric 
acid is produced to do its work upon the limestone £»>. 
mations, and from this combination would result the 
well-known gypsum, or plaster of Paris!, which ordi- 
narily exists as an amorphous mass, but is i^ten found 
in a crystalline form.* 

This is a very perfect illustration of the wonds^ 
process we have been considering, and in whidi, simple 
though it appears to be, we have set to work a laijge 
proportion of the known phy^cal ekmente of the 
universe. By studying azight the result which we have 
it in our power to obtain in a watch-glass, we may 
advance our knowledge of gigantic phenom^ia, whidi 
are now progressing at the bottcm of the ocean, or of 


♦ The ^ranspaxent varieties of sulphate of lime are di«tingirished 
hy the name SeleniU ;. and the fine massive varieties are called 
Alabaster. Grypsum forms vei^ extensive beds in seconduy 
conntnes, and is found in tertuuy deposits; oecasionally, in 
primitive rocks; it is also a product oi voleanoes. The fineat 
fiNmgn q>ecimen8 are found in the salt mines of Bex, in Switier- 
land ; at Hall, in the Tyrol ; in the sulphur-mines of Sicily ; and 
in the CTpsum formation near Ocana, in Spain. In England, the 
day of Shotover Hill, near Oxford, yields the largest crystals.- 
Dana's iSinen^Offy, second edition, p. 241. 
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the wondrous agencies which are in operation, producing 
Ught-refiracting gems within the secret recesses of tlie 
rocky crust of oxu* globe. 

The force of crystallisation is a subject worthy of 
much consideration. If we examine our slate rocks, 
through which little veins filled with quartz crystals 
are spread, we shall see that the medJuanical force 
exert^ during the production of these crystals has 
been capable of ren£ng those rocks in every direc- 
tion. Those fissures formed by the first sy tsem of crystal- 
line Tidns, in order of time, are filled in by another set 
of crystalline bodies, which equally exert their mechani- 
cal power, and thus produce those curious intersections 
and dislocations which were long a puzde to the geo- 
logist. The simplest power, slowly and constantly 
acting through a long period of time, may become 
sufficient, eventually, to rend the Andes from base to 
snnmiit, or to lilt a new continent above the waters of 
the ocean. 
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CHAPTER VI. 


HEAT SOLAR AND TERRESTRIAL. 

olar and Terrestrial Heat— Position of the Earth in the Solar 
System — Heat and light associated in the Sunbeam — 
Transparency of Bodies to Heat — Heating Powers of the 
Coloured Kays of the Spectrum — Undulatory Theory — 
Conducting Property of the Earth's Crust— Convection — 
Badiation — Action of the Atmosphere on Heat Rays — 
Peculiar Heat Bays — ^Absorption and Badiation of Heat by 
dissimilar Bodies — Changes in the Constitution of Solar 
Beam — ^Differences between Transmitted and Beflected Solar 
Heat — Phenomena of Dew — ^Action of Solar Heat on the 
Ocean — Circulation of Heat by the Atmosphere and the 
Ocean — Heat of the Earth — Mean Temperature— Central 
Heat — Constant Badiation of Heat Bavs from all Bodies — 
Thermography — Action of Heat on Molecular Arrangements 
— Sources of Terrestrial Heat — Latent Heat of Bodies — 
Animal Heat — Eremacausis — Spheroidal State Cold — 
Condensation — Freezing — Theories of Heat— Natural Phe- 

We receive heat froi i the sun, associated with light ; and 
we have the power o * developing this important principle 
by physical, mecha ical, and chemical excitation, from 
every kind of mat 5r. Our convictions are, that the 
calorific element, ^ hether derived from a solar or a 
terrestrial source, p esents no essential difference in it» 
physical characters but as there are some remarkable 
peculiarities in thi phenomena, as they arise from 
either one or the other source, it will assist our compre- 
hension of this great principle, if we consider it under 
the two heads. 

Untutored man fi-^ds health and gladness in the 
warmth and light c^ he sun ; he rears a rugged altar. 
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and bows his soul in prayer, to the principle of fire, 
which in his ignorance he regards as the giver and the 
supporter of life. The philosopher finds life and organi- 
zation dependent upon the powers combined in the 
sunbeam; and, examining the phenomena of this 
wonderful band of forces, he is compelled to acknow- 
ledge that the flame upon the altar — on theJPersian 
hills, — ^was indeed a dim shadow of the infinite wisdom 
which abides behind the veil. 

The present condition of our earth is directly depen-^ 
dent upon the amount of heat we receive from the sun. 
It has frequently been said, that if it were possible to 
move this planet so much nearer that orb that the 
quantity of heat would be increased, the circimistances 
of life would necessarily be so far changed, that all the 
present races of animals must perish; and that the 
same result would happen from any alteration which 
threw us yet further from our central luminary, when, 
owing to the extremity of cold and the wretchedness of 
gloom, all living creatures would equally fidl to support 
their organization. 

To move the earth nearer to, or more distant from 
the sun, is an ' impossibility ; but it has been argued 
that those planets which are near to the sun must pos- 
sess a temperature which would i^^lt our solid rocks, 
and vaporize the ocean, — ^while %^ranus and Neptune 
must, from their distance from the^iource of heat, have 
so small an amount, that water i^\ast become solid as 
the rock, and such an atmosphere -^ that of the earth 
exist as a dense Uquid. ^f 

It will be shown that according . to the physical con- 
dition of the material substances, sr ^e their powers regu- 
lated of absorbing and retaining the heat which falls as a 
radiant power upon their surfaces^ Heat rays, in passing 
through the attenuated medium of planetary space, lose 
none of their power — ^this we knowjfrom the fact that even 
the less dense upper region of ^ '^ earth's atmosphere 
takes from the solar rays but u exceedingly small 
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quantify of heat. TLerefcxre, whether a solar heal; ray 
travenses through oxie million, or one hundred million 
miles of space^ it still retains its power equally of 
imparting warmth to the solid matter by which it 
is intercepted. There is no law of variation as the 
inverse square of the distance of those radiating powers. 
Conaequently, there is no reason why the physi(sd con- 
ditions, alike of the nearest and the most remote 
planetary bodies, should not be so adjusted that they all 
enjoy that life promotiiig tempeiatuie which bdoBga to 
the earth. 

AH the objects around us are adapted to the circum- 
stances of the earth's position in relation to the sun, to 
which we are bound by the principle of gravitation; 
OTposed to that oentrifiiial force which tends constantly 
^dme the nio™ig^^.»a« off from the cent^ 
of power. The balance maintains iis perfect eqmhbrium, 
although we have one power ccmstantly drawing the 
earth towards the sun, and the other as constantly 
exertbsg itself to move it off into space at a tangent to 
the orbit ui which the planet moves. In our examina* 
tkm it win be found that one common system of harmony 
runs throu^ all the oosmical phenomena, by which 
everything is produced that is so beautiful and joyous in 
this world. 

Heat^ and the other elementary radiant principles, 
are often combined as the oommon cause of eiects 
evident to onr senses. The warmth of the solar rays, 
and their luminous iniiu^aoe^ are not, however, com- 
monly associated in the mind as the resulta \>f a 
single cause. It is only when we omie to examine the 
physical phenomena connected with these radiations 
that we discover the comjdezity of the inquiry. Yet it 
is out of these very subtle researches that we draw the 
most refined truths. The high ijoferences to which the 
analysis of the subtile agencies of creation leads us, 
reader science, pursued in the spirit of truth, a great 
system of rdigious instraction. 
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Althot^Ii we do not fear that heat and light can be 
confounded in the mind^ so different are their pheno* 
mena,— we have heat rays, sa from dark hot iron, 
whicli give no light, while in the fall flood of the Innar 
rays the heat is scarcely appreciable by the most delicate 
instruments ; — ^yet it is important to show how far these 
two principles have been separated from each other. 
Transparent bodies have varied powers of calorific trans- 
parency, or transcalescence : some obstructing the heat 
radiated from bodies of the highest temperatures almost 
entirely even in the thinnest layers ; whilst others will 
allow the warmth of the hand to pass through a thickness 
of several inches. Liquid chloride of sulphur, which is of 
a deep red colgto, will allow 63 out of 100 rays of heat 
to pass, and % solution of carmine in ammonia, or glass 
stained with oxides of gold, or copper, rather a greater 
number; yet these transparent media obstruct a large 
quantity of hght. Colourless media obstructing scarcely 
any light, will, on the contrary, prevent the passage of 
calorific rays. Out of every huncfred rays, oil of turpen- 
tine win only transmit 31, sulphuric ether 21, sulphuric 
acid 17, and distilled water only 11. Pure flint glass, 
however, is permeated by 67 per cent, of the thermic rays, 
and crown glass by 49 per cent. The body possessing 
the most perfect transparency to the rays of heat is diapha- 
nous salt-rock, which transmits 92, while alum, equally 
translucent, admits the passage of only 12 per cent.'f^ 

* The following table of the rays penetrating coloured glass has 
been given by Melloni, in his memoir On the Firee Transmission of 
Radiant Heat through Different Bodies :-^ 

Deep violet . 

Yellowish red (flaked) 

Purple red (flaked) 

ViTid red 

Pale violet 

Orange red 

Clear blue . . - * 

Translated in the Scientific Memoirs, vol. i. p. 30. 


53 

53 
51 

Deep yellow , 
Bright yellow 
Golden yellow 

40 
34 
33 

47 

Deep blue 

33 

45 
44 
42 

Apple green . 
Mineral green 
Very deep blue 

2% 
20 
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Black mica^ obsidian^ and black glaas^ are nearl^r 
opaque to lights but they allow 90 per cent, of radiant 
heat to pass through them ; whereas a pale green glass^ 
coloured by oxide of copper,* covered with a layer of 
water, or a very thin plate of aliun, will, although 
perfectly transparent to light, almost entirely obstruct 
the permeation of heat rays. 

* " The physical characters of this species of glass, which 
acts so difiereuUy li'om the other species of coloured glass in all 
the phenomena of calorific ahsorptioD, are, 1st, its intercepting- 
almost totally the rays which pass through alum ; 2nd, its entirely 
absorhing the red rays of the solar spectrum. I have already 
stated that their colouration is produced almost entirely by the 
oxide of copper. 

" Thus, the colouring matters of the coloured glasses, while 
they so powerfully affect the relations of quantity which the dif- 
ferent rays of ordinary light bear to each other, exercise no elec- 
tive action on the concomitant calorific rays. This curious 
phenomenon is the more remarkable as the colouring matters 
absorb almost always a very considerable portion of the heat 
naturally transmitted by the glass. The following are, in fact, the 
calorific transmissions of the seven coloured glasses referred to ; 
the transmission of the common glass being represented by 
100; red glass, 82*5; orange, 72 5; yellow, 55; bluish-green, 
57.5; blue, 52*5; indigo, 30; violet, 85. The quantity of. 
heat absorbed through the action of the colouring substances is, 
iherefow, .17»5 in the red glass, 27.5 in the orange, 45 in the 
yellow, 42*5 in the green, 47*5 in the blue, 70 in the indigo, 
and 15 in the violet. Now, as these absorptions extinguish a 
proportional part of each of the rays which constitute the ealo- 
rific stream transmitted by common glass, they may be compajred, 
as we said before, with the absorbent action exercised on light 
by matters more or less deeply brown or dark, when they are 
immersed in water, or some other colourless liquid which dis- 
solves, but does not affect them chemically." — Annales de Chimie 
■ et de Physique, tom. xl» p. 382. 

Guided by these principles, the author selected the glass 
employed in. glazing the Boyal Palm-House, at Kew Botanical 
Gardens, where it was desired to obstruct the passage of those 
rays which have a particular scorching influence. Of this glass 
a description was given at the meeting of the British Association 
at Oxfoid, which appears in the Transactions for that year. The 
result has been all that could be desired — ^not a single instance of 
scorching having occurred during the three years which have elapsed.. 
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We tlius arrive at the fact that heat and light may be 
separated £rom each other ; and if we examine the solar 
boini by that analysis which the prism affords^ we shall 
find that there is no correspondence between intense 
light and ardent heat. By careful observation^ it has 
been proved, when we have a temperature of 62° F. in the 
yellow ray, which ray has the greatest illuminating power; 
that below the red ray, out of the point of visible light, 
the temperature is found to be 79°, while at the other end 
of the spectrum, in the blue ray, it is 56°, and at the end 
of the violet ray no thermic action can be detected.* 

From the circumstance, that as we, by artificial 
means, raise the temperature of any body, and produce 
intense heat, so after a certain point of thermic elevation 


"^ In the Philosophical Transactions, vol. x.o., the foUowing 
papers, by Sir William Herschel, may be consiilted : — 

Investigation qf the powers of the prismatic colours to heat and 
ittuminate objects; with remarks that prove the different re- 
frangibility of radiant heat. To which is added, an inquiry into 
the method of viewing the sun advantageously, with telescopes of 
large apertures and high magnifying powers^ p. 255. Expsri- 
ments on the refrangibility of the invisible rays of the sun, p. 284> 
Experiments on the solar and on the terrestrial rays that occa- 
sion heat; with a comparative view of the laws to which Ugkt 
and heat, or rather the rays which occasion them, are subject, in 
order to determine whether they are the same or Afferent, 
pp. 203, 43T. 

In connection with this inquiry, Sir William Herschel remarks, 
that since a red glass stops no less than 692 out of 1,000 such 
rays as are of the refrangibility of red light, we have a direct 
and simple proof, in the case of the red glass, that the rays of 
light are transmitted, while those of heat are stopped, and that 
thus they have nothing in common but a certain equal degree of 
refrangibility, which by the power of the ^lass must occasion 
them to be thrown together into the place which is pointed out to 
us by the visibility of the rays of light 

On the same subject, a Memoir, by Sir Henry Englefield, in j !' J )- 
the Journal of the Royal Institution for 1802, p. 202, may 
be consulted ; and Researches on JJght,^ by the Author. 
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has been obtained, we occasion a manifestation of light.* 
It has been concluded, somewhat hastily, that heat and 
light differ from each other only in the rapidity of the 
undulations of an hypothetical ether. 

It must be admitted that the mathematical demon- 
strations of many of the phenomena of calorific and 
luminous power are sufficienlty striking to convince us 
that a wave-movement is conmion to both heat and 
light. The undulatory theory, however, requires the 

* Dr. Draper, On the production of light by heat, in the Phil. 
Mag. for 1847. 

Sir Isaac Newton fixed the temperature at which hodies be- 
come self-luminous at 635® ; Sir Humphry Davy at 812" ; Mr. 
Wedgewood at 947"; and Mr. Daniell at 9SQP; whilst Dr. 
Draper from his experiments gives 977"; and Dr. Robinson 865*^. 
In a review of the above paper by Melloni, entitled Researches 
on the Radiations of Incandescent Bodies, and on the Elementary 
Colours <2f the Solar Spectrum, translated for Silliman's Journal 

. ^ '7 for August, 1847, he remarks :— 
V^ "I say that they conduct, as do others h^etofore known on 

light ana radiant heat, to a perfect analogy between the general 
laws which govern these two great agents of nature. I will add 
that I regard the theory of their identity as the only one admis- 
sible by the rules of })hilosophy; and that I consider myself 
obliged to adopt it, until it shall have been proved to me that 
there is a necessity of having recourse to two different princi- 
ples, for the explanation of a series of phenomena which at pre- 
sent appear to belong to a solitair agent.'* 

Reference should also be made to a paper by Dr. Robinson, 
On the effects of Heat in kssensng the 4^ii»/te« qf the Elements 

; A of Water, in the Transiustions of the itoyal Irish Academy, 
1848, where he says that " when a platinum wire is traversed by 
a current gradually increased till it produces ignition, the first 
gleam that appears is not red, but of a colour which, when I 
nrst saw it, I compared to the * lavender ray ' discovered by Sir 
John Herschel beyond the violet, though I was surprised at 
seeing the tint of that most refrangible ray preceding the ray 
which is least so. It is quite conspicuous at about 865" ; and 
as the mode in which it makes its appearance presents nothing 
abrupt or discontinuous, it seems likely that it is merely a 
transition from invisible rays excited at a lower temperature 
to ordinary light.*'— p. 810. 
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admission of so many premises of which we have no 
proof; its postulates are^ indeed^ in many cases so 
gratuitous, that notwithstanding the array of talent 
which stands forward iu its support, we must not allow 
ourselyes to be deceived by the deductions of its advo- 
cates, or dazzled by the brilliancy of their displays of 
learning. 

Badiant heat appears to move in waves; but that 
calorific effects in material bodies are estabhshed by any 
system of undulation, is a deduction without a proof; 
and the thermic phenomena of matter are as easily ex- 
plained by the hypothesis of a diffiisive subtile fluid. 

We have not, however, to prove the correctness of 
either of the opposing views ; indeed, it is acknowledged 
that many phenomena require for their explanation 
conditions which are not indicated by either theory. 

The earth receives its heat firom the sun ; a portion of 
it is conducted from particle to particle into the interior 
of the rocky crust. Another portion produces warmth 
in the atmosphere around us, by convection, or the 
circulation of particles ; those warmed by contact with 
the surface becoming lighter, and ascendiag to give 
place to the colder and heavier ones. A third portion is 
radiated off into space, according to laws wluch have 
not been sufficiently investigated, but which are depen- 
dent upon the colour, chemical composition, and mecha- 
nical structure of the surface. 

It cannot but be instructive to contemplate the ^y 
indications which we have of the dependence of all that 
is beautiful on earth, on the heat and light radiations 
which we receive from the sun. Let us endeavour to 
realise some of the effects which arise from even the 
temporary deprivation of solar heat. 

It is winter, the vegetable world appears chilled to its 
centre. The trees, except a few of the hardy evergreens, 
are bare of leaves, and stretching forth their branches 
into the cold air, they realise the condition of vegetable 
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skeletons. The lowly plants of the hedge-row^ and the 
grasses of the fields show that their vital power is subdued 
to that minimum degree of action which is but a few 
slight removes from death. The life of the running 
stream is suspended^ it is cased in the '^thic^-ribbed 
ice/^ and the waters beneath no longer send forth their 
joyous music to the genial breeze. Even within the 
temperate limits of our own land^ the aspect of winter 
convinces the ordinary observer^ that the loss of heat 
has been foUowed by diminiBhed activity in the powers 
of life ; and the philosopher discovers that the lessened 
enei^es of solar light, and the weaker action of the 
radiant heat, have aided in producing that repose which 
is a little more than sleep— a little less than death. > 

It is night, and winter : the earth is parting with its 
heat, — witii the absence of light, there is a still greater 
loss of vigour, a yet further diminution of the powers of 
life. Even the animal races, sustained by vital influ- 
^loes of a more exalted kind, smk under the temporary 
deprivation of the solar rays to a monotonous^ a melan- 
choly repose. All animals undergo different degrees of 
hybernation, and each in his winter retreat supports 
vitality by preying upon himself. The world is hung in 
mourning black ; there is no play of colours to harmonize 
' the human spirit by sending tibieir ethereal pulsations to 

the human eye, and it is only the consciousness that 
when the night is alt the daritest, the day is nearest, 
that even man^s soul is sustained against the depressing 
influences of the absence of the sun. 

The conditions which we must observe at our own 
doors cannot fail to convey as a conviction to the least 
imaginative mind, that a slightly prolonged continuance 
of darkness, with its consequent increase of coldness, 
would be &tal to the existence of the organic worid. 

The sun has entered Aries : it is spring. The length 

'A of the day and night are equal, the powers of light and 

darkness are now exactly balanced against each other. 
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and lights like the Axcliaiigel^ triuinphs over tlia sombre /f / O 
spirit. The oiganic world awakes. Chemical actioB. ^./. ,// 
commences in the seed^ tiie vital spark is kindled in the ' ^ 
embryo^ and under the impulsive force of some solar 
radiations the plant struggles into light and life. The 
same invigorating force impels the drculation of the sap 
through the capillary tubes of the forest tree^ until the 
topmost branch trembles with the new flow of Ufe. The 
buds burst forth into leaf^ and a fresh and lively covering ^ 
spreads over those branches which^ in their nakedness^ 
cotdd scarcely be distinguislied from ike dead. 

The animal races are no less sensible of the new 
influence which is dif^ised around. The birds float 
joyously upon the breeze^ and give to heaven Uieir 
Izilling songs of praise. The beasts come forth from 
the clefts of the rocks and the tangled shelters of the 
forests^ and gambol in the fiill luxmy of their renewed 
vigour. Man^ even man^ the inhabitant of dties^ 
trained and tempered to an artificial state^ awakes of a 
spring morning with a fuller consciousness of mind^ and 
a deqier and more pleased sense of his intelligence^ . 
than when the fogs and gloom of winter hung like the ^ >. / 
charmed robe upon the Umbs of the giant. Now, the ' ^ ^ * '; 
clormant poetry of man. seeks expression. As the 
morning sun is said to have awakened the musical un- 
dulations of the Memnonian statue, so the sun of the 
venial morning produces in the mind of the most . 
earthly, fidnt pulsations of that heaven^bom music, which 
neither sin nor sorrow can entirely destroy. The psy- 
chologist, in studying the peculiar phenomena of the 
human mind, must associate himself with the natural 
philosopher, and learn to appreciate the influence of / 
physidd causes in determining effects which our elder ^ 
pluloaophers and the poets of every age have attributed to 
'^jintual agencies. ^/* 

Smnmer, with its increased heat and light, reigns over jj A* ' 
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■f<' the laud. The work of life is now at its maximum^ and 
<:;^ every energy is quickened thronghont the organic 

creation. The laws of nature are arranged on the 
/ principle of antagonistic forces, the constant straggle to 
^ "^ maintain them in equihbrimn constituting the sensible 
phenomena of existence. Heat and light, with chemical 
power and electricity, have been quickening the un- 
known principle of life, until it has become exhausted 
in the production of new parts — ^in the strange pheno- 
menon of growth — ^the formation of organized matter 
from the inorganic stores of creation. 

The autumn, with its tempered sunlight, comes, but in 
\ ^r^* the solar radiance we discover new powers, and under 
N the influence of these the flower and the frioit have 

birth. The store of a new life is centered in the seed, 
and though the leaf falls, and the flower fades, a new set 
of organisms are produced, by which the continuance of 
the species is secured. 

Let any man examine himself as the seasons change, 
y and he will soon be convinced that every alternation of 
ight and darkness, of heat and its absence, produces new 
sets of influences equally on the mind and on the body, 
showing the entire dependence of the animal and 
vegetable kingdoms upon those causes which appear to> 
flow from the centre of our planetary system. 

The phenomena which connect themselves with the 

. changes of the seasons cannot fail to convince the most 

supe^cial thinker that there is an intimate connection 

between the sun and the earth which deserves our dose 

attention. 

Indeed, if we examine the most ancient of histories, 

) we find one great fact at the base of all their philoso- 

\ ^ phies. Moses connects darkness with a void and formless 

earth, and light with the creation of harmony and life. 

Menis sings of a fearful world by -many formed dark- 

ness encircled,^' and links the idea of a ^life-breathing^ 
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divinity'' with the awakening of light upon created fl^ 
things. The Egyptian Isis, the Grecian ApoUo^ who, ' / ^ ' 

The Lord of boundless light 

Ascending calm o'er the empyrean sails, 

And vrith ten-thousand beams his awiul beauty veils, 

the fire-worshipper of the Persian hUls and the sun- 
god of the Fenivian mountains, exhihit, through time 
and space, tiie fiill consdousaesi of man to the influences 
of solar Ught and heat upon the organic creations of 
which he is himsdf the chief exemplar. 

The investigations of modem philosophers have ex- 
tended these influences to the inoiganic masses which 
constitute the Planet Earth : — ^and we now know that i i 
the physical forces, ever active in determining the / . // • | 
ehemical condition and the electrical relations of matter, ^^ . ^ 
are directly influenced by the solar radiations. 

Pew things within the raage of our inquiry are more f 
striking than the phenomena of calorific ra^ation and* 
absorption. They display so perfectly the most refined 
system of order, and exhibit so strikingly the admirable 
adaptation of every formation to its particular con- 
ditions, and for its part in the great economy of beiug, 
that they claim most strongly the study of all who would > 
seek to discover a poetry in the inferences of science. J 

Owing to the nature of our atmosphere, we are pro- 
tected from the influence of the fiill flood of solar heat. 
The absorption of caloric by the air has been calculated 
at about one-fifth of the whole in passiag through a 
oolumn of 6,000 feet. This estimate is, of course, made 
near the earth^s surface j but we are enabled, knowing 
the increasing rarity of the upper regions of our gaseous 
envelope in which the absorption is constantly diminish- 
ing, to prove, that about one-third of the solar heat is 
lost by vertical transmission through the whole extent of 
our atmosphere.* 

* In the Bdkerian Lecture for 1842, On the transparency of the ' • 
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Expeiienee has proved that tiie conditions of the 
sun^s rays are not always the same ; and there are few 
persons who have not observed that a more than usual 
scorching influence prevails under some atmospheric 
circumstances. This is also evidenced in the effects 
produced on the foliage of trees^ which^ though ofken 
attributed to .electricity, is evidently due to heat. An 
examination of the solar radiations, as exhibited in the 
pribmatic spectrum, has proved the existence of a class 
of heat rays, which manifest themselves by a very pecu- 
liar deoxi^zing power quite independent of thei/c^ric 
properties, to which the name of parathermic rays 
has been given.* We are protected from the severe 

Atnunphere, and the law of extincHon of the solar rays i» pasting 
through it, by James D. Forbes, Esq., F.R.S«, &c., wiU be found a 

most complete investigation of this subject 

, The experiments were, for the most part, made in Switzerland 
■with Sir John Herschers actinometer, and they prove satis- 
factorily, — " That the absorption of the solar rays by the strata 
of air to which we have immediate access, is considerable in 
amount for even moderate thicknesses.'* 

* After referring to several curiovis and instructive experiments, 
in which peculiar chemical changes are produced under the influ- 
ence of the solar rays by their Heat, Sir John Herschel says : — 

" These rays are distinguished from those of Light by being 
invisible ; they are also distinguished from the pure calorific rays 
beyond the spectrum, by their possessing properties (qf a peculiar 
character, referred to in former papers) either exclusively of the 
calorific rays, or in a much higher degree. They may perhaps not 
improperly be regturded as bearing the same relation to the calorific 
spectrum which the photographic rays do to the luminous ones. 
If the 'restriction to these rays of the term thermic, as distinct 
from calorific, be not (as I think, in fact> it is not) a sufficient 
distinction, T would propose the term parathermic rays to designate 
them. These are the rays which I conceive to be active in pro- 
ducing those singular molecular afiectiQps which determine the 
precipitation of vapours in the experiments of Messrs. Draper, 
Moser, and Hunt, and which will probably lead to important dis 
coveries as to the intimate nature of those forces resident on the 
surfaces of bodies, to which M. Dutrochet has given the name of epi- 
pohc forces." — On certain improvements in Pkotograpkie Processes, de- 
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eflfects of these rays by the ordmary state of the medinm 
through which the solar heat passes. Our atmosphere 
is a mixture of gases aad aqueous vapour ; and it has 0^ 
been founds as already stated^ that even a thin film of 
water^ however transparent^ prevents the passage of many 
calorific ludiations, and the rays letarded are, for the 
most part, of that dass which have this peculiar scorch- 
ing power. The air is, in this way, the great equaliser ^c '^ 
of the solar heat, rendering the earth agreeable to all 
animals, who, but for this peculiar absorbent medium, 
would have to endure, even in our temperate clime, the 
burning rays of a more than African sun. 

The suiiGace of the earth during the sunshine — and, 
though in a less degree, even when the sun is obscured \/ 
by clouds — is constantly receiving heat ; but the rate of 
its absorption varies. Benjamin Franklin showed, by a 
set of simple but most conclusive experiments, that a 
piece of black cloth was warmed much sooner than cloth 
of a lighter colour;* and we know, from observations 
of a similar class, that the bare brown soil receives heat 
more readily than the bright green grassy carpet of the 
earth. Consequently, during the winter season, rela- 

scribed m a Jbrmer comffiunication (Phil. Trans, vol. cxxxiii.) ; and 
On tk0 Paratbermie Rays of tha Solar SpBctrum, Phil. Trans, vol. 
cxxxiv. 

The experiments of Mrs. Somerville, On the Action of the Rayi 
of the Spectrum on Vegetable Juices (Phil. Transactions, vol. 
cxxxyii.), appear to connect themselves with this particular class 
of rays in a curious manner. 

* Experiments on the influence of heat on differentiy-coloured 
bodies were first made by Dr. Hooke ; and it was not until long 
after that Franklin made his ingenious experiments. Davy exposed 
to sunshine six equal pieces of copper, painted white, yellow, red, 
green, blue, and black, in such a manner that one side only was 
illuminated, To the dark side he attached a bit of cerate, ascer- 
tained by experiment to melt at 700. The cerate attached to the 
black became fluid first, the blue next, then the green and red, and 
lastly the yellow and white. — Beddoes's Contributions to Physical 
Knowledge, and collected works of Sir Humphry Davy, vol. ii. p. 27. 
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tively to the quantity poured &om its source^ more heat 

penetrates the uncoYered soil, than during the spring 

I ^ or summer. 

\y There is a constant tendency to an equilibrium ; and, 

^j^ during the night, the surface is robbed of more heat, by 

^^"^ the colder air, than by day ; as, when the earth is not re- 

^ ceiving heat, it is constantly radiating it back into space. 

Even in these processes of convection and radiation, a 

similar law prevails to that which is discovered in examin* 

ing into the rate of calorific absorption. 

Every tree spreading its green leaves to the sunshine, 
or exposing its brown branches to the air — evenr floM^r 
which lends its beauty to the earth — ^possesses different 
absorbing and radiating powers. The chalice-like cup 
of the pure white lily floating on the lake — the variegated 
tulip — ^the brilliant anemony — the dehcate rose — ^and the 
intensely coloured peony or dahha — ^have each powers 
peculiar to themselves for drinking in the warming life- 
stream of the sun, and for radiating it back again to the 
thirsting atmosphere. These are no conceits of a scien- 
tific dreamer ; they are the truths of direct induction ; 
and, by experiments of a simple character, they may be 
put to a searching test.* 

A thermometric examination of the various coloured 
flowers, by enclosing a delicate thermometer amongst 
their leaves, will readily establish the correctness of the 
one ; and by a discovery of recent date, connected with 
calorific Taxation, which must be particularly described 
presently, we can, with equal ease and certainty, test the 

* By reference to the Treatise on Heat, in the Encyclop€edia 
Metropolitana, numerous suggestfye experiments will be found, all 
bearing on this subject. Peschel's Elements of Physics may also 
be consulted with advantage. The fact is, however, simply proved, 
as stated in the text, by placing the bulbs of delicate thermometers, 
80 as to be completely involved in the petals of flowers exposed to 
sunshine, shading the upper portion of the stem of the instrument. 
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truth of the other ; * the absorption and radiation of 
heat being directly regulated by the colours of the snr- 
£ices upon which the sim rays fall. 

It follows^ as a natural consequence of the position of 
the sun^ as it regards any particular spot on the earth at | 
a given time^ that the amoimt of heat is constantly vary- 
ing during the year. This variation regulates the 1/ 
seasons. 

When it is remembered that the earth is, in the 
winter, nearly three millions of miles nearer the sun 
than in the summer, some explanation is required to 
acoonnt for our suffering more cold when nearer the 
source of heat, than when at the remotest distance. 

The earth in her path around the sun describes an 
ellipse, the sun^s place being one of its foci. In obe- 
dience to the law, already described, of the conservation 
of the axis of rotation, the axis of the earth constantly 
points towards the star in the constellation of the 
Little Bear: Recollecting this, and also the two facts, 
that a dense solid body absorbs heat more readily than 
a fluid one, and that radiation from the surface is con- 
stantly going on when absorption is not taking place, 
let us follow the earth in her orbit. 

It is the time of the vernal equinox — ^we have equal 
day and night — therefore the periods of absorption and 
Tadiation of heat are alike. But at this time of the year 
the southern hemisphere is opposite to the sim, conse- 
quently the degree of absorption by the wide-spread 
oceans small. 

It is the summer solstice — ^we have sixteen hours of 
daylight, when the absorption of heat is going on — and 
but eight hours of night, during which heat is passing 

* Moeer, On Vision, and on the Action of Light on Bodies : and 
also On Latent Light : Scientific Memoirs, vol. iii. Draper, On 
certain Spectrtd Appearances, and on the Discovery qf Latent Light ; 
Phil. Mag., Nov. 1842. 
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oS. The noriheni hemisphere is now presented to the 
sun^ and as here we have the largest portion of dry land, 
the powers of absorption are at their maximum. 

The autumnal equinox has arrived, with it^ equal day 
and nighty as in the spring, hut now the whole northern 
hemisphere is opposite the sun ; hence^ according to the 
laws already explained^ we see the caused of the increased 
heat of the autumnal season. 

The winter solstice has come, with its lon^ night and 
shortened day. The time during which radiation is 
going on is nLly twice that in which absorption takes 
place, and the earth is in her worst position for receiv- 
ing heat, as that half which has the largest sur&ce of 
water is towards the sun. 

These are the causes which lead to the variations of 
the seasons, and through these we learn why we are 
colder when near the sun than when at a considerably 
greater distance. 

An analysis of the spectrum shows us that there are 
some changes regularly taking place in the state dT the 
solar beam, which cannot be referred to the mere alte- 
ration of position. It may be inferred, from facts 
by long-continued observations, that the three classea 
of phenomena — flight, heafc, and chemical power, distin- 
guished by the term Actimsm — ^which we detect in the 
iim'8 rays/are constantly changing their relatire pH>por. 
ftions. L spring, the cheS^agency ^cevLtm 
; summer, the liuninous principle is tiie most powerful ; 
and in the autumn, the calonfic forces are in a state of 
the greatest activity.* The importance of these varia- 
. tions, to the great economy of vegetable life, will be 
shown when we come to examine the phenomena con- 
nected with organisation. 

* A particular examination of this curious question will be 
found in the Author's report On the Influence of the Solar Rays on 
the Growth of Plants : Reports of the British Association for 1847.. 
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A remarkable change takes place' in the character of 
heat in being reflected from material substances. In 
nature we often see this fact curiously illustrated. Snow 
which lies near the trunks of trees or wooden poles 
melts Tancb. quicker than that which is at a distance 
from them^ the sun shining equally on both — ^the lique- 
faction commencing on the side &cing the sun^ and 
gradually extending. We see^ therefore^ that the direct 
rays of solar heat produce less effect upon the snow than 
those which are radiated from coloured surfaces. By 
numerous experiments^ it has been shown that these se- 
condary radiations are more abundantly absorbed by snow 
or white bodies than the direct solar rays themselTCS. 
Here is one of the many very curious evidences^ which r 
science lays open to us^ of the intimate connection be- I 
tween the most ethereal and the grosser forms of matter../ 
Heat^ by touching the earthy becomes more earth-like. 
The subtile principle which^ like the spirit of supersti- 
tioh; has the power of passings unfdt^ through the 
crystal mass^ is robbed of its might by embracing the 
things of earth ; and although it still retains the evidences 
of its refined origin, its movements are shackled as by a 
clog of day, and its wings are heavy with the dust of 
this rolling ball. It has, however, acquired new pro- 
perties, winch fit it for the requirements of creation, and 
by which its great tasks are facilitated. Matter and 
heat unite in a common bond, and, harmoniously pur- 
suing the necessities of some universal law, the result 
is the extension of beautiful forms in every kingdom or^ 
nature. 

An easy experiment pleasingly illustrates this remark- 
able change. If a blaickened card is placed upon snow 
or ice in the sunshine, the frozen mass underneath it will 
be gradually thawed, and the card sink into it, while 
that by which it is surrounded, although exposed to the 
fun power of solar heat, is but little disturbed. If, how- 
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ever^ we reflect the sun's rays from a metal surface^ an 
exactly contrary result takes place ; the uncovered parts 
are the first to melt^ and the blackened card stands high 
above the surrounding portion. 

The evidences of science all indicate the sun as the 
source^ not only of that heat which we receive directly 
through our atmosphere^ but even of that which hais 
been stored by our planet^ and which we can^ by several 
methods^ develope. We have not to inquire if the earth 
was ever an intensely heated sphere ; — ^this concerns not 
our question; as we should^ even were this admitted, 
still have to speculate on the origin — the primitive source 
of this caloric. 

Before^ however, we proceed to the examination of 
the phenomena of terrestrial heat^ a few of the great 
results of the laws of radiation and convection claim our 
attention. 

Nearly all the heat which the sun pours upon the 
ocean is employed in converting its water into vapour at 
the very surface, or is radiated back from it, to perform 
I the important office of producing those disturbing influ- 
\ ences in the atmosphere, which are essential to the pre- 
/«ervation of the healthfdl condition of the great aerial 
envelope in which we live. 

Cuirentsof air are generally due to the unequal degrees 
m which the atmosphere is warmed. Heat, by expand- 
ing, increases the elasticity, and lessens the density, of a 
given mass. Consequently, the air heated by the high 
temperature of the tropics, ascends charged with aqueous 
vapours, whilst the colder air of the temperate and the 
frigid zones flows towards the equator to supply its place. 
These great currents of the atmosphere are, independent 
of the minor disturbances produced by local causes, in 
constant flow, and by them a uniformity of temperature 
is produced, which could not in any other way be accom- 
plished. By these currents, too, the equalisation of the 
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^cmstitiients of &e ^^ breatk of life^' is effected, and tbe 
purer oxygen oi the ^^and of the smmy aoath'^ is dxf- 
fifised in healthful gales over the colder climes of the 
north. The waters^ too^ evapovated from the gveat 
central Atlantic Ocean, or the far Pacific, are thus car- 
ried oyer the wide*spread continents, and poured in t&r- 
tilismg diowers upon distant lands. 

How magnificent are the operations di nature ! The j J ] 
air is not mudi warmed by the radiaticms of caloric pass- 
ing &om the sun to the earth ; but the sur&ce soil is 
heated by its power of absorbing these rays. The tem- 
perature of the air next the earth is raised, and we thas 
have the circulation of those beneficial currents which 
sre so remarkably regular in the Trade Winds. The air 
heiated withm. the tropics would ascend directly to the 
poles, were the earth at rest, but being in motion, those 
great aerial currents^ — the T^ade Winds — are produced, 
and the periodical monsoons are due to the sam^ cause. 
A simihir circulation, quite independent of the ordinary 
tidal movement, takes place also in the earth-girdling 
ocean. The water, warmed, by convection, firom the hot 
suifiBMse of the tropical lands, sets across the Atlantic 
from the Gulf of Mexico; and being under the influence 
of the two forces — ^gravity and motion — ^it illustrates the 
parallek)gvam of forces, and flowing along the diago*- 
nal, reaches our« own shores : the genial influences of 
the gulf stream produce that tempered climate which 
distingoislies our insular home. Here we hav^ two im- 
mense influences produced by one agency, rendering 
those parts of the earth habitable and fertile, which but 
for these great results would sorrow in the cheerless 
aspect of an eternal winter. 

The beautiful phenomenon of the formation of dew is 
■also distinctly connected with the peculiar properties 
which we have been studying. When from the bright blue 
vault of heaven, the sparkling constellations shower their 
mild light over the earth, the flowers of the garden and 
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tiie leaves of the forest become moist with a fluid of 
the most transludd nature. Well might the ancients 
imagine that the dews were actually shed from the stars ; 
and the alchemists and physicians of the middle ages 
conceive that this pure distillation of the night possessed 
subtile and penetrating powers beyond most other 
things ; and the ladies of those olden times endeavour 
to preserve their charms in the perfection of their youth- 
ful beauty through the influences of washes procured 
from so pure a source.* 

Science has removed the veil of mystery with which 

\y superstition had invested the formation of dew ; and^ in 

showing to us that it is a condensation of vapour upon 

bodies accordiug to a fixed law of radiation^ it has also 

\y t developed so many remarkable facts connected with the 

;character8 of material creations, that a much higher 

order of poetry is opened to the mind than that wMch, 

though beautifol, sprang merely from the imagination. 

Upon the radiation of heat depends the formation of 
dew, and bodies must become colder than the atmos- 
phere before it will be deposited upon them. At what- 
ever temperature the air may be, it is charged to 
saturation with watery vapour, the quantity varying 
uniformly with the temperature. Supposing the tem- 
perature of the air to be 7(f F., and that a bottle of 
water at 60^ is placed in it, the air« |round the bottle 

* AmmiantLS Marcellinus ascribes the longevity and robust 
health of mountaineers to their exposure to the dews of night. 
Dew was employed by the alchemists in their experiments on the 
solution of ^old. The ladies of old collected the " celestial wash,** 
which they imagined had the virtue of preserving their fine forms, 
by exposing heaps of wool to the influences of night radiation. It 
was supposed that the lean features of the grasshopper arose from 
that insect feeding entirely on dew : '' Dumque thymo pascentur 
apes, dum rore cicadas," Virgil, Eclog. 

See some curious remarks by Boyle, On the Power qf Dew in 
Working on Solid Bodies: Works of the Honourable B* Boyle, 
vol. V. p. 121. 1744« 


NOCTTRXAL RADIATION. 83 

will be cooled^ and will deposit on the glass exactly that 
quantity of moisture which is due to the diflferenoe be- 
tween the temperature of the two bodies. Different 
substances^ independent of colour, have the property of 
parting with heat &om their surfaces at different rates. 
Bough and porous surfaces radiate heat more rapidly 
than smooth ones, and are consequently reduced in tem- 
perature ; and, if exposed, are covered with dew sooner 
than such as are smooth and dense. The grass parterre 
glistens with dew, whilst the hard and stony walk is un- 
moistened.* 

Colourless glass is very readily suffiised with dampness, 
but polished metals are not so, even when dews are 
heavUy condensed on other bodies. To comprehend 
fully the phenomena of the formation of dew, we must 
remember that the entire surface of the earth is constantly 
radiating heat into space ; and that, as by night no ab* 
sorption is taking place, it naturally cools.t As the 
substances spread over the earth become colder than the 
air, they a^^uire the power of condensing the vapour v-^ 
with which the atmosphere is always chained. The 
bodies which cover this globe are very differently consti- 
tuted; they possess dissimilar radiating powers, and con- 

* See the Researches on Heat, by Professor James Forbes, in the 
Transactions of the Boyal Society of Edinburgh ; also Melloni*s 
papers on the same subject in the Annates de Chimie, several of 
wmcb have been translated into the Scientific Memoirs^ edited by 
Mr. Bichard Taylor. 

t The phenomena of dew have constantly engaged the attention 
of man. Aristotle, in his hook De Mundo, puts forth some just 
notions on its nature. An opinion has almost always prevailed 
that dew falls. Gersten appears to have been the first who opposed 
this motion. He was followed by Muschenbroek, and then by 
Du Fay. The researches of Leslie were of a far more exact cha- 
nicter. Dr. Wilson, in the Transactions of the Royal Society of 
Edinburgh, 1st vol., published a Memoir on Hoar Frost of much 
interest; but the questions involved remained unsettled until the 
researches of Dr. Wells, which were published in his Essay on Dew, 
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« 

sequenily present^ when examined bj delicate tfaermome- 
ters, varying degrees of temperature. By the researches 
of Dr. Welk,* which may be adduced as an example of 
the best class ^ indnctive experiinentS; we learn that the 
following differences in sensible heat weare obserred at 
seven o'clock in the evening : — 


The air four feet aboTe the grass 
Wool on a raised board 
Swandown OD ditto . 
The surface of the raised board 
Grass plat .... 


60f 

53 
57 
51 
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Dew is most abundantly deposited on clear, calm 
nights, dnring which the radiation from the snrface of 
the earth is uninterrupted. The increased cold of such 
nights over those obscured by clouds is well known. The 
clouds, it has been proved, act in the same way as the 
screens used by gardeners to protect their young plants 
from the frosts of the early spring, which obstruct the 
radiation, and, in all probability, reflect a small quantity 
of heat back to the earth. 

It is not improbable that the observed increase in 
grass crops, when they have been strewn with branches 
of trees or any slight shades, may be due to a similar 
cause.t 


* By far the most complete set of experiments on the radiation 
of heat from the surface at night, which have been published since 
Dr. Wells's memoir On Dew, are those of Mr.Glaisher, of the Royal 
Observatory at Greenwich. Instruments of the most perfect kind 
were employed, and the observations made with seduUous care. 
The results will be found in a memoir On the Amount oj the fiodui- 
. V tionofHeatr at night f from the Earthy and from various bodies 

\^] placed on or near the Surface of the Earthy by James Glaisher, Esq., 

\ Philoaophieal Trans, for 1847, part 2. 

f Dr. Wells noticed the practical fact that very light shades pfo^ 
t^cted delicate plants from frost, by preventing radiation. Mr. 
Goldsworthy Gurney has made a series of interesting experiments, 
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There are many remarkable results dependent entirely 
on the c(dours of bodies^ which are not explicable upon 
the idea of difference in mechanical arrangement We 
know that different colours are regulated by the powers 
which strictures have of absorbing and reflecting light ; 
consequently a blue surface must have a different order 
of molecolar arrangement from a red one. Sut there 
are some physical peculiarities which also influence heat 
xadiation^ quite independently of this surface condition. 
If we take pieces of red^ blacky green^ and yellow glass^ 
and expose them when the dew is condensing^ we shall 
find that naoifiture will show itself first on the yeUow^ 
Uien on the green glass^ and last of aU upon the black 
or red glasses. The same thing takes place if we expose 
colom^d fluidB iq white glass bottles or troughs^ in which 
case the surfiEkces are all alike. If against a sheet of 
glass, iqxm whicb moisture has bem slightly frozen, we 
place glasses similarly coloured to those already dei»;ribed, 
it will be found that the earliest heat-rays w^ so warm 
the red and the black glasses, that the ice will be melted 
opposite to them, long before any change will be seen 
upon the frozen film covered by the other colours. 

The carder in which heat permeates coloured media, it 
has already been shown, very nearly agrees with their 
powers of radiation. 

These most curious results have engaged the attention 
of MeUoni, to whose investigations we owe so much ; 
and from the peculiar order of radiations, which present 
phenomena of an analogous character to tbose of the 
coloured rays of light, obtained by him from dissimilarly 
coloured bodies, he has been led to imagine the existence 

and he imagines that by shading grasslands with boughs of trees, 
or any light litter, a more, abundant crop is produced. The sub- 
ject has been discussed in the journals of the Boyal Agricultural 
Society. May not the apparent increase be due entirely to the 
succulent condition in wMch a plant always grows in the shade ? 
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of a ^'heat-colouration/' That is, the heat-rays are 
supposed to possess properties like luminous colour 
although invisible ; and, consequently, that a blue sur- 
face has a strong affinity for the blue heat-rays, a red 
surface for the red ones, and so on through the scale. 
The ingenuity of this hypothesis has procured it much 
^ J attention ; but now, when the Newtonian hypothesis of 
the refrangibility of light is nearly overturned, we must 
not, upon mere analogy, rush to the conclusion that the 
rays of heat have different orders of refipangibihty, which 
Melloni's hypothesis requires.* 

Can anytlung be more calculated to impress the mind 
with the consciousness of the high perfection of natural 
phenomena, than the fact, that the colour of a body 
should powerfully influence the transmission of a prin- 
ciple which is diffused through all nature, and also deter- 
mine the rate with which it is to pass off fix)m its surface. 
Some recent experiments have brought us acquainted 
with other facts connected with these heat-radiations, 
and the power of heat, as influenced by the calorific 
rays, to produce molecular changes in bodies, which bear 
most importantly on our subject. 

If we throw upon a plate of polished metal a prismatic 
spectrum (deprived, as nearly as possible, of its chemical 
power, by being passed through a deep yellow solution 
— ^which possesses this property in a very remarkable 
manner, as will be explained when we come to the exa< 
mination of the chemical action of the sun's rays) — ^it 
will be found, if we afterwards expose the plate to the 

* This paper of Melloni's will be found in the BibltothSque Uni- 
verselU de Geneve, for 1843. The conclusions are highly ingenious, 
but they rest entirely on the analogy supposed to be discovered be- 
tween the relations of heat, like light, to the coloured rays of the 
spectrum. This, it must be remembered, is not the case, since 
even Sir William Herschel showed that red Hght might exist with 
only a minimum of calorific power, notwithstanding the fact, that 
the maximum heatray of the spectrum coincides with the red rays. 
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action of vapour, very slowly raised from mercury, that 
the space occupied by the red rays, and those which lie 
without the spectrum below it, will condense the vapour 
thickly, while the portion corresponding with the other 
rays will be left untouched, ^his affords us evidence of 
the power of solar heat to produce, very readily, a change 
in the molecular structure of solid bodies. If we allow 
the sun^s rays to permeate coloured glasses, and then 
fall upon a polished metallic surface, the result, on 
exposing the plate to vapourisation, will be similar to 
that just described. Under yellow and green glasses no 
vapour will be condensed ; but on the space on which 
the rays permeating a red glass, or even a blackened one, 
fall, a yery copious deposit of vapour will mark with dis- 
tinctness the spaces these glasses covered. More remark- 
able still, if these or any other coloured bodies are placed 
in a box, and a polished metal plate is suspended a few 
lines above them, the whole bemg kept in perfect dark- 
ness for a few hours, precisely the same effect takes place 
as when the arrangement is exposed to the full rays of 
the sun. Here we have evidence of the radiating heat of 
bodies, producing even in darkness the same phenomena 
as the transmitted heat-rays of the sun. We must, 
however, return to the examination of some of these and 
other analogous influences under the head of actino- 
chemistry. 

Prom these curious discoveries of inductive research 
we learn some high truths. Associated with light — 
obeying many of the same laws — amoving in a similar 
manner — ^we receive a power which is essential to the 
constitution of our planet. This power is often mani- 
fested in such intimate combination with the luminous 
principle of the solar rays, that it has been suspected to 
be but another form of the same agency. Whde, how- 
ever, we are enabled to show the phenomena of one 
without producing those which distinguish the other, 
we are constrained to regard heat as something dis- 
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smilar to light. It is true tiiat we appear to be tendiBg^ 
towards some point of proof on this proUem. ; but we 
are not in a position to declare them to be forms of one 
common power^ or ^^ particular solutioBs of one great 
physical equation/^* In many instances it would c^- 
tainly appear that one of these forces was directly neces- 
sary to tiie production of the other ; but we have ako 
nomerous examples in which th<y do not stand in any 
such C(Mrrelation. 

We leam^ from the smentific facts which we have beeu 
discufisiDg^ a few of the secrets of natural magic. In 
their relations to heat, every flower, which adds to the 
adornment of the wilds of nature or the carefully-tended 
garden of the florist, possesses a power peculiar to i^lf ;. 
and, as we have before indicated, the 

** Naiad-like lily of the vale/* 

and. 


The pied wind-flowers, and the tulip tall, 


And narcissi, the fairest among them ail, 

are, by their different colours, prevented from ever 
having the same temperatures under the same 
sunshme. 

Every plant bears within itself the measure of the 
heat which is necessary for its well-being, and is endued 
with functions which mutely determine the relative 
amount of dew which shall wet its coloured leaves. 
Some of the terrestrial phenomena of this remarkable 
principle wiQ stiU farther illustrate the title of this 
volume. 

To commence with the most familiar illustrations, let 
us consider the consequences of change of temperature. 

♦ Dr. Robinson, of Armagh, in his Memoir On the liffects qf 
Heat in less&iing the AMnities of the Elements of FTafer.— Transac- 
tions of the Royal Irish Academy, vol. xxi. part 2. 
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However sliglit the additional heat may be to T^hich a 
body is sdbjected^ it expands under its influence ; con- 
sequently^ every atom which goes to form the mass of 
the earth moves under the excitation^ and the first heat 
ray of the marning which touches the earth's surfece, 
sets up a vibration which is continued as a tremor to its 
very centre. The differences between the temperatnre 
of day and night are considerable ; therefore all bodies 
expand under the influence of the higher^ and contract 
UEider that of the lower temperature. During the day^ 
any doud obscuring the sun produces, in every soUd, 
flind^ or ai^rifonn body^ within the range of solar in^ 
fluence^ a check : the particles which had been expand* 
ing und^ the force of heat suddenly contract. Ilms. 
there must of necessity be^ during the hours of smishine, 
a tendency in all bodies to' dilate, and during the hours* 
of xught ley xoust he resmningtheir ori^conditions. 
Not only do dissimilar bodies radiate heat in different 
degrees^ but they conduct it also with constantly varying 
rates. Heat passes along silver or copper with readi- 
ness^ camsjpBxed to its progress through platinum. It is 
conducted by glass but slowly, and still more slowly by 
wood and charcoal. We receive some important intima- 
tions of the molecular structure of matter; from those 
experiments which prove that heat is conducted more> 
readily along some lines than others. In some planes^ 
wood and other substances are better conductors thaniu 
others. The metallic oxides or earths are bad conduc- 
tors of heat, by which provision the caloric absorbed by 
the sun's rays is not carried away from the surface of this 
planet so rapidly as it would have been had it been of 
metal, but is retained in the superficial crust to produce 
the due temperature for healthful germination and 
vegetable growth. The wool and hair of animals are still 
inferior conductors, and thus, imder changes of climate- 
and of seasons, the beasts of the field are secured against 
those violent transitions from heat to cold which would. 
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be fatal to them. Hair is a better conductor than wool : 
hence^ by nature^s alchemy^ hair changed into wool in 
the animals of some countries on the approach of winter, 
and feathers into down. 

It is therefore evident that the rate at which solar 
heat is conducted into the crust of the earth must alter 
with the condition of the surface upon which it falls. 
The conducting power of all the rocks which have been 
examined is foimd to vary in some degree.* 

It follows^ as a natural consequence of the position of 
the sun to the earthy that the parts near the equator 
become more heated than those remote from it. As this 
heat is conducted into the interior of the mass, it has a 
tendency to move to the colder portions of it, and thus 
the heat absorbed at the equator flows towards the poles, 
and from these parts is carried oS by the atmosphere, or 
radiated into space. Owing to this, there is a certain 
depth beneath the surface of our globe at which an equal 
temperature prevails, the depth increasing as we travel 
north or south from the equator, and conforming to the 
contour of the earth's surfieice, the line sinking under 
the valleys and rising under the hills.f 

* On this subject consult Robert Were Fox, On the Temperature 
^f the Mines of ComtoaU. — Cornwall Oeological Transactions, 
vol. ii. ; W. J. Henwood, on the same sulnect, lb. vol. v. ; Reports 
of the British Association, 1840, p. 315 ; Edinburgh New Philoso- 
tphical Journal, vol. xxiv. p. 140. 

f Oft the causes of the temperature of Hot and Thermal Sprtngs ; 
<md on the bearings of this subject as connected with the general 
^question regarding the internal temperature of tha Earth: by 
Professor Gustav Bischoff, of Bonn.— Edinburgh New Philoso- 
phical Journal, vol. xx. p. 376 ; vol. xxiii. p. 330. Some inte^es^ 
ing information on the temperature of the ground will be found in 
Erman's Travels in Siberia, translated by W. D. Cooley, vol. i. p. 
'139; vol. ii. p. 866. Sur la Profondeur it laqueUe se trouve la 
iHmche de Temp^ature invariable entre les Tropiques, by Boussin- 
gault : Annales de Chimie et de Physique, 1833, p. 226. 
Reference may also be made to Humboldt's Cosmon, Otto's 
translation ; and to the excellent article on Meteorology, by 
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A question of great interest, in a scientific point of 
\iew, is the temperature of the centre of the earth. We 
are, of course, without the means of solving this pro- 
blem ; but we advance a little way onwards in the inquiry 
by a carefiQ examination of subterranean temperature at 
such depths as the enterprise of man enables us to reach. 
These researches show us, that where the mean tempera- 
ture of the climate is 50°, the temperature of the rock at 
59 fathoms &om the surface is 60° ; at 132 fathoms it is 
7QP ; at 239 fathoms it is 80° : being an increase of 10° 
at 59 fathoms deep, or 1° in 35*4 feet; of 10° more at 
73 fathoms deeper, or 1° in 43*8 feet ; and of 10° more 
at 114 fathoms still deeper, or 1° in 64.2 feet.* 

Although this would indicate an increase to a certain 
dq[>th of about one degree in every fifty feet, yet it would 
appear that the rate of increase diminishes with the 
depth. It appears therefore probable, that the heat of 
the earthy so far as man can examine it, is due to the 
absorption of the solar rays by the surface. The 
evidences of intense igneous action at a great depth 
cannot be denied, but the doctrine of a cooling mass, and 
of the existence of an incandescent mass, at the eaxtVs 
centre, remains but one of those guesses which active 
minds delight in. The mean annual temperature of this 
planet is subject to variations, which are probably 
dependent upon some physical changes in the sun him- 
self, or in the atmospheric envelope by which that orb is 
surrounded. The variations over the earth^s surface are 
great. At the equator we may regard the temperature 

George Harvey, in the Encyclopaedia Metropolitana. These 
chthonisothermal lines, as they are called, have been traced by 
Humboldt and others over extensive districts. 

* These results are obtained ii-om the valuable observations of 
Robert Were Fox, Es^., made with great care by that gentleman 
in several of the Cornish mines : Report on some observations on 
Subterranean Temperature. — British Association Reports, vol. ix. p. 
809 ; Philosophical Magazine, 1837, vol. ii. p. 520. 


92 IBOTHISBBaC LINES. 

9» uniformly existing at 80^^ while at the poles it is 
below the freezing point of water ; and as &r a6 observa- 
tionfl have been made^ the subterranean temperatures 
bear a dose relation to the thermic condition of the 
climate of the surface. The circulation of water through 
&ults or fissures in the strata is^ without doubt, one 
mean* of carrying heat downwards much quicker thaa 
it would be conducted by the rocks themselves. It is 
not, however, found that the quantity of water increases 
with the depth. In the mines of Cornwall, unless where 
the ground is very loose, miners find that, after about 
150 fiithoms (900 feet), the quantity of water rapidly 
diminishes. That water must ascend from veiy much 
greater depths is certain, from the high temperatores at 
which many springs flow out at the sur&oe. In the 
United Mines in Cornwall, water rises from one part of 
the lode at 90° ; and one of the levels in these workings 
is so hot that, notwithstanding a stream of cold water is 
purposely brought into it to reduce the temperature, the 
miners work nearly naked, and will bathe in water at 
80° to cool themselves. At the bottom of Tresavean 
Mine, in the same county, about 820 fathoms from the 
sm&ce, the temperature is 100°. 

One cause of the great heat of many of our deep 
mines, which appears to have been entirely lost sight of, 
is the chemical action going on upon large masses of 
pyritic matter in their vicinity. The heat, which is so 
oppressive in the United Mines, is, without doubt, due 
to the decomposition of immense quantities of the sul- 
phurets of iron and copper known to be in this condition 
at a short distance from these mineral works. 

The heat which man is enabled to measure beneath the 
earth's surface, appears to be alone due to the conducting 
powers of the rocks themselves j it has been observed 
that the line of equal temperature follows, as nearly as 
possible, the elevations and depressions which prevail 
upon the surface, and the diminishing rate of increase 
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T)ey(md this line^ certainly is such as would arise, waa all 
the heat so measiired, tiie result of the passage of the 
beat by conductioii throiigh the crust of rocks. 

Whether or not the subterranean bands of equal heat 
have any strict relation, upon a Iwcse scale, to the 
iflodienidc lines whk^ kive been tra^ aromd rnoet 
portions of our ^be, is a point which has not yet been 
so satisfactorily determined as to admit of any general 
deductions. 

The Oriental story-teller makes the iniler world a 
place of rare beauty — a caTcm temple, bestudded with 
self-lmninous gems, in which reside the spiritual beiiogs 
to whom the direction of the inorganic world is confid^. 

The Philosopher, in the height of his knowledge^ has 
had dreams a£ absurd as this; and amid the romances of 
science, there are not to be found any more strange visions 
than those which relate to the centre of cnu* globe. At 
the same time it must be admitted^ that many of the 
peculiar phenomena which modem geological researches 
have brought to light, are best explained on the hypo- 
thesis of a cooling sphere, which necessarily involves the 
existence of a very high temperature towards the 
centre. 

We have already noticed some remarkable differences 
between solar and terrestrial heat ; but a class of observa- 
tions by Delaroche* still requires our attention. Solar 
heat passes freely through colourless glass, whereas the 

* From bis experiments, the IbUowirig conclusions were arrived 
at by M. Delaroche :— 

1. Invisible radiant heat may, in some circumstances, pass 
directly through glass. 

2. The quantity of radiant heat which passes directly through 
glass is so much greater, relative to the whole heat emitted in 
the same direction, as the temperature of the source of heat is 
more elevated. 

Si. The calorific rays which have already passed through a 
sereen of glass, experience^ in passing through a second glass 
•screen of a similar nature, a much smaller diminution of their 
intensity than they did in passing through the first screen. 
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Tadiations from a bright fire or a inass of incandescent 

metal are entirely obstructed by this medium. If we 

place a lamp or a ball of glowing hot metal before a 

metallic reflector^ the focus of accumulated heat is soon 

discovered ; but if a glass mirror be used^ the light is 

reflected, but not the heat ; whereas, with the solar rays, 

but little difference is detected, whether vitreous or 

metallic reflectors are employed. It is well known that 

glass lenses refract both the light and heat of the sun, 

and they are commonly known as burning-glasses : the 

heat accumulated at their focal point being of the highest 

intensity. If, instead of the solar beam, we employ, in 

our experiments, an intense heat produced by artificial 

means, the passage of it is obstructed, and the most 

deUcate thermometers remain undisturbed in the focus of 

the lens. Glass exposed in front of a fire becomes 

warm, and by conduction the heat passes through it, 

and a secondary radiation takes place fix)m the opposite 

side.* It has been found that glass is transcalescent, or 

diathermic, to some rays of terrestrial heat, and adia- 

4. The rays emitted by a hot body differ from each other in 
their faculty to pass through glass. 

5. A thick glass, though as much or more permeable to light 
than a thin glass of worse quality, allows a much smaller quan- 
tity of radiant heat to pass. The difference is so much the less as 
the temperature of the radiating source is more elevated. 

6. The quantity of heat which a hot body yields in a given 
time, by radiation to a cold body situate at a distance, increases. 
cateris paribusy in a greater ratio than the excess of temperature of 
the first body above the second.— Journal de Physique, vol. Ixxv. 

* Sir David Brewster differs from the conclusions arrived 
at by Delaroche. He thus explains his views : — " The inability 
of radiant heat to pass through glass, may be considered as a 
consequence of its refusing to yield to the refractive force; 
for we can scarcely conceive a particle of radiant matter freely 
permeating a solid body, without suffering some change in its 
velocity and direction. The ingenious experiments of M. Prevost, 
of Geneva, and the more recent ones of M. Delaroche, have been 
considered as establishing the permeability of glass to radiant 
heat M. Prevost employed moveable screens of glass, and re- 
newed them 'continually, in order that the result which he ob- 
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ihemiCi or opaque for heat, to others* — ^ihat the capability 
of per^eatk? glass increases with die temper^ of 
the ignited body — and that rays which have passed one 
screen traverse a second more readily. It would^ 
howeyer, appear that something more than a mere 
elevation of temperature is necessary to give terrestrial 
heat-radiations the power of passing through glass 
screens^ or^ in other words^ to acquire the properties of 
solar heat. 

To give an example. The heat of the oxy-hydrogen 
flame is most intense, yet glass obstructs it, although it 
may be assisted by a parabolic reflector. If this flame 

tained might not be ascribed to the heating of the screen ; but 
such is the rapidity with which heat is propagated through a 
thin plate of glass, that it is extremely difficult, if not impossible, 
to obserre the state of the thermometer before it has been 
affected by the secondary radiation from the screen. The method 
employed bv M. Delaroche, of observing the difference of effect, 
when a blackened glass screen and a transparent one were made 
suecessiTely to intercept the radiant heat, is liable to an obvious 
error. The radiant heat would find a quicker passage through 
the transparent screen; and, therefore, the difference of effect 
was not due to the transmitted heat, but to the heat racUated 
from the anterior surface. The truth contained in M. Delaroche s 
fifth pro]K)sition is almost a demonstration of the fallacy of all 
those that precede it He' found that 'a thick plate of glass, 
though as much or more permeable to light than a thin glass of 
worse quality, allowed a much smaller quantity of radiant heat 
to pass/ If he had employed very thick plates of the purest 
flint glass, or thick masses of fluid tiiat have the power of trans- 
mitting light copiously, he would have found that not a single 
particle of heat was capable of passing directly through trans- 
parent media/* — Sir D. iBrewster, On new properties of heat as ex^ 
mbUed f» its propagation dUmg plates (^ glass. Philosophical 
Transactions, vol. cvi. p. 107. 

* Proposal of a ^ew Nomenclature for the Science of Cahrifio 
Radiations^ by M. Melloni. Bibliotheque Universelle de Geneve, 
No. 70. Scientific Memoirs, vol. iii. part 12. Many of the terms, 
as Diaihermasy^ or transparency for heat ; Adiathermasy, opacity 
for heat ; Thermochroic, coloured for heat, and others, are valuable 
suggestions of forms of expression which are required in dealing 
with these physical phenomena. 
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is made to play upcm a ball of lime^ hy which a most 
intenae light is produced^ the heat^ which has not been, 
actually increased, acquires the power of being refiracted 
by a glass lens^ and combustible bodies may be ignited 
in its focus. 

It certainly appears from these results, that the 
uodulatory hypothesis holds true, so far as the motion of 
the calorific power is ocmcemed. At a certam rate the 
vibrations are thrown back or stopped by the opposing 
body, while in a state of higher excitation, moving with 
increased rapidity, they permeate the screen.* This 
does not, indeed, interfere with the refined theory of 
Prevo8t,t which supposes a mutual and equal interchange 
of caloric between aU bodies. 

The most general effect of heat is the expansion of 
matter ; solids, liquids^ and airs, all expand under its 
influence. If a bar of metal is exposed to calorifie 
action, it increases in size, owing to its particles being 

* FoT a careful examination of the several theories of beat 
consult Dr. Young's Course of Lectures on Natural Philosophy, 
&c., Lecture 52, On the Measures and the Nature of Heat; also 
Powell's very excellent Reports on Radiant /Twf— Reports of the 
British Association, 1832, 1840. The transcendental view which 
the immaterial theory leads to, cannot he hetter exemplified tihan 
hy the following quotation from that inexplicable dream ci a 
talented man, Elements of PhysiophUosophy, by Lorenz Oken, M.D. 
(translated for the Ray Society, by Alfred Tuli) : — 

" Heat is not matter itself any more than light is ; but it is 
only the act of motion in the primary matter. In heat, as well 
as in light, there certainly resides a material substratum ; yet» 
this substratum does not give out heat and light; but the motum 
only of the substratum gives out heat, and the tension only of 
the substratum light. There is no body of heat; nitrogen is 
the body of heat, just as oxygen may be called the body of fire. 
Heat is real space ; into it all forms have been resolved, as all 
materiality has been resolved into gravity, and aU activity, all 
polarity, into light. Heat is the universal form, oome^ue&t^ the 
want of form." 

f Memoires de la Societe Physique, &c., da C^eve, torn* ii. 
'art. lit 
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separated fiirther from each other : by contmuing this 
influence^ after a certain time the cohesion of the mass is 
so reduced that it melts^ or becomes liquid^ and^ under 
the force of a still higher^temperature^ this molten metal 
may be dissipated in vapour. It would appear as if^ 
under the agency of the heat applied to a body^ its atoms 
expanded; until at last^ owing to the tenuity of the outer 
layer or envelope of each atom, they were enabled to 
move freely over each other, or to interpenetrate without 
difficulty. That heat does really occasion a considerable 
difltarbance in the corpuscular arrangement of bodies^ 
may be proved by a verjr interesting experiment. A 
bar of heated metal is placed to cool, with one end sup- 
ported upon a wedge or a ring of a different metal the 
other resting on tike ground. In cooling, a distinct 
mufiical sound is given out, owing to the vibratory action 
set up among the particles of matter moving as the tem- 
perature dedines.* 

* This enrious phenomenon was first observed by Mr. Trevelyan, 
whose NoHee reaardinfi some Experiments on the Vibration ofHtated 
Metals will be iound in the Transactions of the Bojal Society of 
Edinburgh, vol. xii., 1837. In a Memoir in the same volume, 
entitled Experimental Researches regardmff certain vibraHonstBMth 
take place between metaiHe wmsses baring different tes^jeratmvs. 
Professor Forbes draws the following conclusions : — 

1. ** Hie vibrations never take place between substances of the 
aame nature. 

2. ** Both substances must be metallic. (This is now proved 
not to be necessary.) 

3. ** The vibrations take place with an intensiW proportional 
(within eertain limits) to the chfferenoe of the conducting powers 
of the metals for heat or electricity ; the metal having the least 
conduetii^ power being necessarily the coldest. 

4. ** The time of contact of two points of the metals must be 
longer than that of the intermediate portions. 

5. " The impulse is received by a distinct and separate pro- 
cess at each oontaei of the bar and block, and in no case is the 
ttttallie oonnection of the bearing points in the bar, or those of 
the bloek, in any way essential. 

0. "The intensity of the vibration is (under certain ex: 
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Heat is diffiised through all bodies in nature^ and^ as 
we shall presently see, may be developed in many different 
ways. We may, therefore, infer, that in converting a 
sphere of ice into water, and that again into steam, we 
have done nothing more than interpenetrate the mass 
with a larger quantity of heat, by which its atoms are 
more widely separated, and that thus its molecules 
become free to move about each other. Hence, from a 
solid state, the water becomes fluid ; and then, if the ex- 
pansive force is continued, an invisible vapour. If these 
limits are passed by the powers of any greatly increased 
thermic action, the natural consequence, it must be 
seen, will be the separation of the atoms from each 
other, to such an extent that the molecule is destroyed, 
and chemical decomposition takes place. 

By the agency of the electricity of the voltaic battery, 
we are enabled to produce the most intense heat with 
which we are acquainted, and by a peculiarly ingenious 
arrangement Mr. Grove has succeeded in resolving 
water by the mere action oi heat into its constituent 
elements — oxygen and hydrogen gases. That this decom- 
position is not due to the voltaic current, but to the heat 
produced by it, was subsequently proved by employing 
platina heated by the oxy-hydrogen flame.* 

This interesting question has been exaimned with 
great care by Dr. Robinson of Armagh, who has shown 
that, as the temperature of water is increased, the affi- 
nity of its elements is lessened, imtil at a certain point it 
is eventually destroyed. This new and startling fact 
appears scarcely consistent with our knowledge that a 


ceptions) proportional to the difference of temperature of the 
metals."— Transactions of the Royal Society of Edinburgh, 
vol. xii. 

* The Bakerian Lecture. On certain Phenomena of VoUak 
Ignilum^ and the Decomposition qf Water into Us Constituent Gases 
by Heat: by W. R. Grove, Esq.— Philosophical Transactions, 
1847. Part 1. 
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body heated so as to be luminons has the power of 
causing the combination of the elements of water with 
explosive violence.* But as this acute experimental 
philosopher somewhat boldly but still most reasonably 
inquires : " Is it not probable that, if not light, some 
other actinic power (like that which accompanies light in 
the spectrum, and is revealed to us by its chemical 
effects in the processes of photography) is evolved by the 
heat, and, though invisible, determines, in conjunction 
with the aflBnity, that atomic change which transforms 
the three volumes of oxygen and hydrogen into two of 
tsteam ?t 

This speculation explains, in a very satisfactory manner, 
some results which were obtained by Count Rumford, in 
1798. In a series of experiments instituted for the 
purpose of examining "those chemical properties of 
light which have been attributed to it,*' he has shown 
that many cases of chemical decomposition occur in 
perfect darkness, under the influence of heat, which are 
precisely similar to those produced by exposure to the 
sun's rays. J 

It must, however, be remembered, that both solar 
Kght and heat are sometimes found in direct antagonism 
to actinic power, and that the most decided chemical 
changes are produced by those rays in which neither 
heat nor light can be detected. The most remarkable 
phenomena of this class will be explained under the 
head of actinism. 

* Davy's Researches on Flame. Works, vol. vi.— Philosophica 
Transactions for 1817. 

t On the Effect of Heat in lessening the affinities of the Elements 
of Water : by the Rev. Thomas Romney Robinson, D.D.— Trans- 
actions of the Royal Irish Academy, vol. X3U. part 2. 

I An Inquiry concerning the Chemical Properties that have been 
attributed to Light: by IJenjamin, Count of Rumford. — Philoso- 
phical Transactions, vol. Ixxxviii. p. 449. — The results obtained 
oy Count Rumford were probably due to the non-luminons heat- 
rays— parathermic rays — which are known to be given off bj' 
boiling water. 
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One of the most curious relations which as yet 
have been discovered between light and heat is, that, the 
temperature at which all bodies become incandescent, 
excepting such as are phosphorescent, is uniform. The 
point on the thermometer (Fahrenheit's scale) when 
tiie eye by perfect repose is enabled to detect the first 
luminous influence, may probably be regarded as, or 
very near, 1000°. Daniel has fixed this point at 9S0Py 
Wedgwood at 947°, and Draper at 977°.* Dr. Rohinfion 
and Dr. Draper, by independent observations, have 
both arrived at the conclusion, that the first gleam of 
light which appears from heated platina is not r^, but of 
a lavender gray, the same in character of colour as that 
detected by Sir John Herschel among the most refiran- 
gible ra^s of the solar 8pectrum.t ^t?^ a 

It must be admitted, that the question of the identity,, 
or otherwise, of light and radiant heat, is beset with 
difficulties. Many of their phenomena are very similar 
— ^many of their modes of action are alike : they are 
often found as allied agencies ; but they as frequently 
exhibit extreme diversity of action, and they may be 
aqiarated from each other. 

We have now examined the physical conditions and 


"^ For Dr. Draper's paper, see Fhilosophioal Magfleine for May^ 
\ ' \ 1847, vol. XXX. 3rd series. 

f On the Action of the Rays of the Soktr Spectrum on Vegetable 
Colours : by Sir J. F. W. Herschel, Bart. - 

The proof of the continuation of the visible prismatic spectrum 
beyond the extreme violet may be witnessed in the following 
manner; — " Paper stained with tincture of turmeric is of a yellow 
colour; and, in consequence, the spectrum thrown in it, if ex- 
posed in open daylight, is considerably affected in its apparent 
' colours, the blue portion appearing violet, and the violet very 
pale and faint; but beyond the region occupied by the violet 
rays, is distinctly to be seen a faint prolongation of the spectrum, 
terminated laterally, like the rest of it, by straight and sharp out- 
lines, and which, in this case, affects the eye with the sensation of 
a pde yellow colour/'— -Philosophical Transactions, p. 133. 
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properties of this most important element^ and we must 
proceed to learn something of the means by which it 
may be developed, independently of its solar source. 

This extraordinary principle exists in a latent state in 
all bodies, and may be pressed out of them. The black* 
amithhammers a naQ mitil it becomes red hot, and from 
it he hghts the match with which he kindles the fire of 
his forge. The iron has by this process bec(nne more 
dense, and percussion will not again produce incan- 
descence until the bar has been exposed in fire to a red 
heat. The only inference we can draw from this result 
i% that by hammering the particles have been driven* 
<doser together, and the heat driven out; now further 
hammering will not force the atoms nearer, and con« 
sequently no additional quantity of heat can be deve- 
loped; tiieiron is made hot in a fire, it absorbs heat, the 
particles are restored to their former state, and we can 
now again by hammering develope both heat and light. 
The Indian produces a spark by the attrition of two 
pieces of wood. By friction, two pieces of ice may be 
made to melt each other; and coidd we, by mechanical 
pressure, force water into a ^lid state, an immense 
^juantity of heat wotild be set free. By the condensation 
of hydrogen and oxygen gases, pulvendent platinum 
will become glowing red-hot, and, with certain pre- 
cautions, even the compact metal, platinum, itself; 
the heat being derived from the gases, the union of 
which it has e£kcted. A body passing from the solid to 
the fluid state absorbs heat from all surrounding sub- 
stances, and hence a degree of cold is produced. The 
heat which is thus retnoved is not destroyed — ^it is held 
combined with the fluid; it exists in a latent state. 
Muid8,in passing into a gaseous form, also rob all sur- 
rounding bodies of an amount of 'heat necessary to 
maintain the aeriform condition. From tiie air or from 
the fluid, this he^^t may, as we have shown above, be 
again extracted. Locked in a pint measure of air, there 
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exists sufGicient heat to raise several square inclies of 
metal to glowing redness. ByHhe compression of 
atmospheric air this may be shown^ and with a small 
condensing syringe a sufficient quantity of heat may h& 
set free to fire the Boletus igniarius, which^ impregnated 
with nitre^ is known as amadou. We are acquainted 
with various sources from which heat may be developed 
for artificial purposes : the flint-and-steel is an example 
of the production of heat by mechanical force, and the 
modem lucifer-match, of the combined action of friction 
and chemical affinity. These of themselves would admit 
•of a lengthened discourse; but it is necessary that we 
carefrdly examine some of the less familiar phenomena of 
heat under the influences of changes of chemical condition. 
If spirits of wine and water are mixed together, a 
considerable degree of heat is given out, and by mixing 
sulphuric acid and water, an infinitely larger quantity* 
If sulphuric acid (oil of vitriol) and spirit of wine, or 
nitric acid (aquafortis) and spirits of turpentine, at com- 
mon temperatures, be suddenly mixed, so much heat is 
set free as to ignite the spirit. In each of these in- 
stances there is a condcQsation of the fluid. In nearly 
all cases of solution, cold is produced by the absorption 
of the heat necessary to sustain the salt in a liquid 
form ; but when potash dissolves in water, heat is given 
out, which is a fact we cannot yet explain. If potassiun> 
is placed on water, it seizes the oxygen of the water 
and sets fire to the hydrogen gas liberated by the heat 
produced in the change of form. Antimony and many 
other metals thrown into chlorine gas ignite an^ bum 
with brilliancy : the same phenomenon takes place in 
the vapours of iodine or bromine. Many chemical com- 
binations, as the chloride of potassium and sulphur ex- 
plode with a blow ; whilst the slightest friction occasionsb 
the detonation of the frdminating salts of silver, mercury,, 
and gold. Compounds of nitrogen and chlorine, or 
iodine, are stQl more delicately combined — the former 
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exploding with fearful violence on the contact of any 
oleaginous body^ and the latter by the smallest elevation 
of temperature : both of them destroying the vessels in 
which they may be contained. 

Gun cotton presents some peculiar phenomena 
which may merit brief attention. This peculiar com- 
pound is prepared by the action of nitric acid on 
cotton fibre. The general appearance of the cotton 
is not altered, but a remarkable physical change 
has taken place. It is now soluble in ether, and 
forms a gelatinous compound: — ^it explodes violently 
at a temperature which is insufficient for the combustion 
of gunpowder. Indeed, from, as it would appear, sUght 
electrical disturbances taking place in the gun cotton 
itself, it not unfrequently explodes spontaneously. These 
fearful disturbances of the forces which hold bodies in 
combination are explained with difficulty. May it not 
be, that an enormous quantity of the calorific and 
chemical principles is held in a state of extreme tension 
around the particles of the compound, and that the 
equilibrium berug destroyed, the whole is developed in 
destructive rapidity ? 

The fact of great heat being evolved during the con- 
version of a body from a solid to a gaseous state, as in 
the explosion of gunpowder or gun cotton, which is a 
striking exception to the law of latent heat, as it prevails 
in most cases, admits of no more satisfactory explanation. 

As mechanical force produces calorific excitation, so 
we find that every movement of sap in vegetables, and 
of the blood and fluids in the animal economy, causes a 
sensible increase of heat. The chemical processes con- 
stantly going on in plants and animals are another 
source of heat, in addition to which nervous energy and 
muscular movement must be regarded as producing the 
caloric which is essential to the health and life of the latter. 
Digestion has been considered as a process of combus- 
tion ; and the action between the elements of food, and 
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the oxygen conveyed by the circulation of the blood to 
every part of the body, regarded as the source of animal 
heat; and, without doubt, it is one great source, 
although it can scarcely be regarded as the only one.* 

* The most complete exposition of the theory that animal heat 
is derived from chemical action only, will be found in Animal 
Chemistry, or Chemistry in its applications to Physiology and 
Pathology t by Justus Liebig: translated by Dr. Gregory. The 
conclusions arrived at by the author, notwithstanding his high — 
and deservedly high — position in chemical science, must, however, 
be received with great caution, many of them being founded on 
most incorrect premises, and his generalizations being of the most 
hasty and imperfeot character. At page 22 the following passage 
occurs : — " If we were to go naked, like certain savage tribes, or if 
in hunting or fishing we were exposed to the san\,e degree of cold 
as the Samoiedes, we should be able, with ease, to consume ten 
pounds of flesh, and, perhaps, a dozen of tallow candles into the 
bargain, daily, as warmly-clad travellers have related with astonish- 
ment of these people. We should then also be able to take the 
same quantity of brandy or train-oil without bad effects, because 
the carbon and hydrogen of these substances would only suffice to 
keep up the equilibrium between the external .temperature and 
that of our bodies." 

A brief examination will exhibit the error of this. The analysis 
of Beef, by D, Lyon Playfair, is as follows : — 

Carbon. .... 51-83 


Hydrogen 
Nitrogen 
Oxygen 
Ashes 


7-57 
1601 
21-37 

4-23 


And the following has been given by Chevreul as the composition 
of mutton tallow : — 

Carbon .... 96 

Hydrogen .... 16 

Nitrogen .... 16 

Oxygen . . ^ " 48 

About three times the quantity of oxygen to the carbon eaten, is 
required to convert it into carbonic acid ; hence, the Samoiede, 
eating more highly carbonized matter, must inspire 288 ox. of 
oxygen daily, or nearly eight times as much as the " ordinary 
adult." ; By the lungs he must take into the body 2,304 cubic 
feet of air besides what will be absorbed by the skin. His 
respirations must be so mnch quickened, that at the lowest pos- 
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t 

The vh vita, or vital power^ influences the delicate 
-and beautiM system of nerves; and as life (an essence 
of the rarest and most subtile order^ a diffusive influence) 
runs through them, from the brain to the extremities of 
the members of the body, it sets those tender threads in 
rapid.vibration, and he^'is developed. By this action, 
tile circulation of the blood is effected; the muscle is 
maintained in an elastic condition^ ready to perform* the 
tasks of the thII; and through these agencies is the 
warm and fluid blood fitted to receive its chemical 
restoratives in the lungs, and the stomach to support 
changes for which it is designed — chemical also — by 
which more heat is liberated. Was digestion — Erema- 
causis, as the slow combustion produced, by combination 
with oxygen is called — ^the only source of animal heat, 
why should the injury of one filmy nerve <place a member 
of the body for ever in the condition of stony coldness ? 
Or why, chemical action being most actively continued 
after a violent death, by the action of the gastric juices 
upon the animal tissues, should not animal heat be 
maintained for a much longer period than it is found to 
be after respiration has ceased ?* 

Ih studying the influences of caloric upon the con- 
ditions of matter, we must regard the effects of extreme 
heat, and also of the greatest degrees of cold which have 
been obtained. 

There are a set of experiments by the Baron Cagniard 
de la Tour, which appear to have a very important 

sdble calcalation he must have 500 pulsations a miirate. Under 
such conditions it is quite clear man could not exist. There is 
no disputing the fact of the enormous appetites of these people ; 
but all the food is not removed from the system as carhonic 
4icid gas. 

* An interesting paper hy Dr. Davy, On the Temperature ofMan^ 
will be found in the Philosophical Transactions, vol. cxxxvi. p. 
519.— Sir Humphry Davy, in his Cojisolationsm Travel, or theLcttt 
Days cf a Phihsopher, in his fourth dialogue. The Proteus, has 
several ingenious speculations on this subject. 
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bearing on some conditions that maybe supposed to 
prevail in nature^ parhcularly if we adopt . the view 
of a constantly increasing temperature towards the 
centre of onr earth. If water^ alcohol^ or ether, is 
put into a strong glass tube of small bore, the ends 
hermetically sealed, and the whole exposed to a strong 
heat, th^ fluid disappears, being converted into a trans* 
parent gas ; but, upon cooling, it is again condensed, 
without loss, into its original fluid state.* In this ex- 
periment, fluid bodies have been converted into elastic 
transparent gases with but small change of volume, 
under the pressure of their own atmospheres. We can 
readily conceive a similar result occurring upon a Aeut 
more extensive scale. In volcanic districts, at great 
depths, and consequently under the pressure of the 
superincumbent mass, the siliceous rocks, or even metals, 
may, from the action of intense heat, be brought into a 
fluid, or even a gaseous condition, without any change of 

^ Bxposi de quelques risultats obtenus par V action combinie de la 
chakur et de la compression sur certains liquides, tels que Veau, 
Talcool, rither sulfurique, et I' essence de pitrote rectifiie : par M. le 
Baron Cagniai-d de la Tour. 
The three following conclusions are arrived at : — 
1. Que Talcool a 36 degres, I'essence de petrole reotiliee a 42 
degres, et Tether sulfurique soumis a Paction de la chaleur et 
de la compression, sont susceptibles de se reduire completement 
en vapeur sous un volume un peu plus que double de celui de 
chaque liquide. 



sence 

citees, 

dans le meme espace ; qu'elle a seulement rendu sa dilatation plua 

oalme et plus facile a suiyre jusquau moment ou le liquide 

semble s^evanouir tout-a-coup. 

8. Que Teau, quoique susceptible sans doute d'etre reduite 
en vapeur trescomprimee, n*a pu etre soumise a des experiences 
completes, faute de moyens suffisans pour assurer Texacte ferme- 
ture de la marmite de compression, non plus que dans les tubes, 
de verre dont elle altere la transparence en s'emparant de Talcali 
qui entre dans leur composition. — ^Annales de Chimie, vol. xxi. 
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volume, since the elastic force of heat is opposed by the 
rigid resistance of the pressure of the surrounding 
rocks. Some beautiful experiments by Mr. Hopkins, of 
Cambridge, have proved that the temperature neces- 
sary to melt a body must be considerably elevated as 
the mechanical pressure to which it is subjected is 
increased. 

Directly connected with the residts of Cagniard de la 
Tour are a yet more remarkable set of phenomena, 
which have been investigated by M. Boutigny,* and 
generally known as the " spheroidsd condition ^' of bodies* 
If water is projected upon very hot metal it instantly 
assumes a spheroidal form— an internal motion of its 
particles may be observed— it revolves with rapidity, 

* Sur les pMnomM^s qui prisentent Us corps projetis sur de» 
surfaces chaudes: par M. Boutigny (d'Evreux). — ^Annales de 
Chimie et de Physique, vol. xi. p. 16. Congelation du mercure en 
trots secondeSj en vertu de fitat sphhodial dans un creuset incande- 
scent : by M. Faraday. — Ibid., vol. xix. p. 383. 

Spheroidal Condition of Bodies (Extrait d'une Note de M. 
Boutigny d*Evreux). 

" Au nombre des proprietes des corps a I'etat spheroidal, il en 
est cinq qui me paraissent caracteristiques et fondamentales, et 
c'est sur ces cinq proprietes que je base la definition que je 
soumets aujourd'bui au jugement de TAcademie. Ces cinq pro- 
prietes sont :— 

'' 1 . La forme arrondie que prend la matiere sur une surface 
chauffee a une certaine temperature. 

" 2. Le fait de la distance permanente qui existe entre le corps 
a I'etat spheroidal et le coros spheroidalisant. 

3. La propriete de r6nechir le calorique rayonnant. 

4. La suspension de Taction chimique. 

5. La fixite de la temperature des corps a I'etat spheroidal. 
Cela pose, voici la definition que je jjropose: un corps projete 

sur une surface chaude est a I'etat spheroidal quand il revet la 
forme arrondie et qu'il se maiutient sur cette surface au dela du 
rayon de sa sphere d'activite physique et chimique ; alors il 
refiechit le calorique rayonnant, et s6s molecules sont, quant a la 
chaleur, dans un etat S'equilibre stable ; c*est-a-dire, a une tem- 
perature invariable, ou qui ne varie que dans des limites etroites.'* 
— Ck>mptes Bendus, 6 Mars, 1848. 
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and evaporates very slowly. IF a silver or platmum 
<»psule^ when brought to a bright red heat^ is iUled with 
cold water^ the whole mass assumes the spheroidal 
state^ the temperature of the fluid remaining consider- 
ably below the boiling poiat^ so long as the red heat is 
jnaintained. If we allow the vessel to cool below red- 
ness in the dark^ the water then bursts into active 
ebullition^ -and is dissipated into vapour with almost ex- 
plosive violence. An equal quantity of water being 
p*ojected into two similar vessels^ over the fire^ one cold 
and the other red hot^ it will be found that the water in 
the cold* vessel will boil and evaporate long before that 
in the one which is red hot. 

Another form of this experiment is exceedingly in* 
structive. Xf a mass of white hot metal is suddenly 
plunged into a vessel of cold water, tixe incandescence is 
not quenched^ the metal shines with a bright white 
lights and the water is seen to circulate around^ but at 
some distance from the glowing mass, being actually 
repelled by calorific agency. At lengthy when the 
metal cools^ the water comes in contact with it^ and 
boils with energy. 

A result similar to this was observed by Perkins, but 
its correctness most unjustly doubted. Having made an 
iron shell containing water^ and carefully plugged up, 
white hot, it was found that the steam never exert^ 
sufficient force to burst the vessel, as it was expected it 
would do. He caused a hole to be drilled into the 
bottom of the white-hot shell, and he was surprised to 
find that no water flowed through the orifice, until the 
iron was considerably cooled, when it issued forth with 
violence in the form of steam. Here we have the 
Cagmard de la Tour state first induced, and the calorific 
.repulsion of the spheroidal state supervenes. If water is 
poured upon an iron sieve, the wires of which are made 
•red hot, it will not percolate ; but on cooling, it runs 
4;hrough rapidly. M. Boutigny, pursuing this curious 
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inqoiry^ has recently proved that the moisture upon the 
skm is sufficient to protect it from disorganization^ if 
the arm is plunged into baths of melted metal. . The 
resistance of the surfaces is so great^ that little elevation 
of temperatui^ is experienced.* Professor Plucker, of 
Bonn^ has stated that by washing the arm with ether 
previously to plimging it into melted metal^ the sensation 
produced^ while in the molten mass^ is that of freezing 
coldness. 

We have now seen that heat at different degrees of 
intensity appears to produce chemical composition—- 
that it decomposes combined elements — ^that it altera- 
the conditions of bodies^ and actually maintains so 
powerfully a repellent force^ that fluids cannot touch 
the heated body. More than this^ it exerts a most 
powerful antagonistic iufluaoce over all chemical rela- 
tions, li^ to give one example^ the volatile elemait 
iodine is put into a glowing hot capsule, it resolves itself 
immediately into a spheroid. Potash rapidly combinea 
with iodine ; but if a piece of this alkali is tlurowH upon 
it in the capstile, it also takes the spheroidal form, and 
both bodies revolve independently of each other, their 
diemical affinities being entirely suspended;--— but allow 
the capsule to. cool, and they combine immediately. 
Science teaches us that a temperature so exalted as not 
to bum organic bodies may be produced, and points to 
us this remarkable fact, that the destructive limits of 
heat are measured between certain degrees — ^bqrond 
which a fire, by reason of its intensity, ceases to 
develope heat. What is the radiant force into which this 
principle changes ? 

The experiments of Cagniard de la Tour and of 
Bontigny (d'Evreux), connect themselves, in a striking 

^ Some Facts relative to the Spheroidal State qf Bodies, Fire 
Ordeal, IneondmsHble Man, ^e,: by P. H. Boutigny ^d'Evreux), 
Philosophical Magazine, No. 23-3 (third series), p. 80 ; Gomptes- 
Bendus, May 14,. 1849. 
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manner^ with those of Mr. Grove and Dr. Robinson; 
and they teach us that but a very slight alteration in the 
proportions of the calorific principle given to this planet 
would completely change the character of every material 
substance of which it is composed^ unless there was an 
alteration in the physical condition of the elements 
themselves. 

Supposing the ordeal of fiery purification to take 
place upon this earthy these experiments appeal: to indi- 
cate the mighty changes which would thence result. 
There would be no annihilation^ but everything would 
be transformed from the centre of the globe to the vei^ 
of its atmosphere — old things would pass away, all 
things become new, and the beautiful mythos of the 
phoenix be realized in the fresh creation. 

The deductions to be drawn from the results obtained 
by abstracting heat from bodies are equally instructive. 
By taking advantage of the cooling produced by the 
rapid solution of salts of several kinds in water, an 
intense degree of coldness may be produced.* Indeed, 
the absorption of heat by liquefaction may be shown by 
the use of metallic bodies alone. If lead, tin, and 
bismuth, are melted together, and reduced to a coarse 
powder by being poured into water, and the aUoy then 
disBolyed in a large quantity of qmcksilver, the theme 
meter will smk nearly 50 degrees. An intense amount 
of cold win result from the mixture of muriate of lime 
and snow, by which a temperature of 50° below the zero 
of Fahrenheit, or 82° below the freezing point of water, 
is produced. By such a freezing mixture as this, 

* The theory of freezing mixtures is deduced from the doctrine 
of latent caloric. These are mixtures of saline substances which, 
at the common temperature, by their mutual chemical action, pass 
rapidly into the fluid form, or are capable of being rapidly 
dissolved in water, and, by this quick transition to fluidi^, absorb 
caloric, and produce degrees of cold more or less intense.— Bev. 
Francis Lunn, On Heat : Encyclopaedia Metropolitan a. 
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mercury will he rendered solid. A degree of cold, how- 
ever, far exceeding it, has lately heen ohtained by the 
use of solid carbonic acid and ether.* Solid carbonic 
add is itself procured from the gas liquefied by pressure; 
which liquid, when allowed to escape into the air, 
eyaporates so rapidly that a large quantity of it is con- 
gealed by being robbed of its combined heat by the 
vaporizing portion. When this solid acid is united with 
ether; a bath is formed in which the carbonic acid will 
remain solid for twenty or thirty minutes. By a mix- 
ture of this kind, placed under the receiver of an air- 
pump, a good eidiaustion being sustained, a degree of 
cold 166° below zero is secured. By this intense cold, 
many of the bodies which have hitherto been known to 
UB only in the gaseous state have been condensed into 
liquids and solids, defiant gas, a compound of hydro* 
gen and carbon^ was brought into a liquid form. Hy- 
driodic and hydrobromic acids could be condensed into 
either a liquid or a solid form. Phosphuretted hydro- 
gen> a gas which inflames spontaneously when brought 
into contact with the air or with oxygen, became a 
thunsparent liquid at this great reduction of temperature* 
Sulphurous acid may be condensed, by pressure and a 
reduction of temperature^ into a liquid which boils at 14^ 
Fahrenheit, but by the carbonic acid bath it is converted 
into a solid body, transparent and without colour. Sul- 
phuretted hydrogen gas solidifies at 122° below zero^ and 
forms a white substance resembling a mass of crystals 
of sea-'Salt. 

A combination of the two gases, chlorine and oxygen, 
becomes solid at — 75°, and the protoxide of nitrogen at 
— 150°. Cyanogen, a compound of carbon and nitro- 
gen — ^the base of prussic acid^ — is solidified at 80° below 


* Proprietis de TAcide Carbonique liquidet par. M. Tbiloiier; 
Annales de Chimie, toI. Ix. p. 427. SoUdification de TAcide Car- 
bonique: Ibid. p. 432. 
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the zero of our thermometric scale. The well-known 
pungent compound^ ammonia^ so exceedingly volatile at 
common temperatures, is converted into a crystalline^ 
translucent, white substance at the temperature of 
— 103^ The difSculties' which necessarily attend the 
exposure of a body to extreme cold and great pressure 
at the same time, appear to be the only obstacle to the 
condensation of oxygen, hydrogen, and nitrogen gases. 
A sufficient amount of condensation was^ however, 
effected by Dr: Faraday, to lead him to the conclusion, 
arrived at also by other evidences^ that hydrogen, the 
lightest of the ponderable bodies, partakes of the nature 
of a metal.* 

During the solidification of water by freezing, some 
remarkable fiicts may be noticed. 

Water, in cooling, gradually condenses in volume 
until it arrives at 40^ Fahr., which appears to be the 
point of greatest density. From this temperature to 
that of 32^, the point at which it begins to solidify, its 
volume remains unchanged,* as crystallisation (freezing) 
begins, the bulk increases, the mass becomes specifically 
lighter, and it swims on the surfiice of the fluid. From 
40^ to 32^ the particles of water must be taking up 
that new position which is essential to the formation ^ 
the solid — ^ice; and while this is taking place, every 
substance held in solution by the water is rejected. 

If we mix with water the deepest colouring matter 
—the strongest add or the most acrid poison — ^they are 
each and all rejected during the process of fireezing, and 
if the water has been kept in a state of agitation during 
the process— Hso that the liberated particles may not be 
mechanically entangled'-r-the ice will be tranisparent, 
colourless, tasteless, and inert — ^the substances rejected 
being gathered together in the centre of the fix>2en mass 


* On the lAquefaeium and SoHdyicatum of Bodkf ^mnenMy 
existing as Gases, by Michael Faraday, D.G.L., F.B.S., &c.; Philo- 
sophical Transactions, vol. cxxxyi, p. 150. 
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in a. state of intense concentration. In like manner^ 
even the atmosplieric air, which is always held in solu- 
tion, is rejected, and hence the reason why aU the ice 
which forms upon still ponds is full of air-bubbles, while 
the ice which is jffoduced in agitated water ia perfectly 
free firom them. This in itself is a remarkable condition, 
the entire bearing of which is not clearly understood; 
but a still more singular fact has been discovered in 
intimate connection with the rejection of aU matter from 
a freezing solution. Water, which in this way is freed 
entirely of air, will not boil at 212° F., the ordinary 
boiling point of water. 

If a mass of ice formed in the manner described is 
placed in a vessel, and being just covered with a film of 
oil, to prevent the absorption of air, is melted over a 
lamp or fire, and the heat continued, it will, so far from 
being converted into steam at 212°, continiie to increase 
in temperature up to 270° or more, and then burst into 
ebullition with such explosive violence as to rend the 
vessel in whijch it is confined. 

From this experiment we learn that did /water exist 
in any other condition than that in which we find it — 
even with the apparently simple di^rence of containing 
no air — ^it would not be safe to employ it in any culinary 
or manufacturing operation, since its use woiild be fol- 
lowed by explosions as dangerous as those of gunpowder. 

Such researches as these prove to us the admirable 
adaptation of all things to their especial ends — ^the beau- 
tifiil adjustment of the balance of forces throughout 
creation. 

The refinements of Grecian philosophy saw, without 
the aids of inductive science, that the outward vesture of 
nature covered a host of mysterious agencies to which 
its characteristics were directly due. In their dream of 
the four eleiAents, fire, the external and visible form of 
heat, was regarded as the cause of vitahty, and the 
disposer of every organised and unorganised, condition 
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of matter. Their idealisations have assmned anotiher 
form, but the researches of modern science have only 
established their nniversality and truth. 

Tte great agents at work in nature— the mighty 
spirits bound to never-ending tasks, which they pursue 
with unremitting toil, are of so refined a character, that 
they will probably remain for ever unknown to us. The 
arch-evocator, with the wand of induction, calls ; but 
the only answer to his evocation is the manifestation of 
power in startling effects. Science pursues her inquiries 
with zeal and care : she tries and tortures nature to 
compel her to revejj her secrets. Bounds are, how- 
ever, set to the powers of mortal search : we may not yet 
have reached the limits within which we are free to 
exercise oiur mental strength ; but, those limits reached, 
we shall find an infinite region beyond us, into which 
efven coniecture wanders eyeless and aimless, as the blind 
Cjrclops groping in his mdancholy cave.=i= 

All we know of heat isj^that striking effects are pro- 
duced which we measure by sensation, and by instru- 
ments upon which we have observed that giv^i Jesuits 
will be produced under certain conditions : of anything 
approaching to the cause of these we are totally igno- 
rant. The wonder-working mover of some of the 
grandest phenomena in nature— giving health to the 
organic world, and form to the inorganic mass— pro- 
ducing genial gales and dire tornadoes — earthquake 
st^-u^Iings and volcanic eruptions — ministering to our 
comforts in the homely fire, and to advancement in 
civilisation in the mighty furnace, and the ingenious 
engine which drains our mines, or traverses our comiiry 
with bird-like speed, — ^will, in all probability, remain for 
ever unknown to man. The immortal Newton, many 
of whose guesses have a prophetic value, thus expresses 
faimsdf : — ^' Heat consists in a minute vibratory motion 
in the particles of bodies, and this motion is communi* 

* Burns, in one of hi^ most natural and pathetic letters. 
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^cated ihrongli an apparent vacuxmi by the undulations 
of a very subtile elastic medium^ which is also concerned 
in the phenomena of hght.^' 

Otir experimental labours and our mathematical 
inyestigations have considerably advanced our know- 
ledge since the time of Newton; yet still each theory of 
heat strangely resembles the mystic lamp which the 
Bodcrucian regarded as a type of eternal life — a dim 
and flickering symbol, in the tongue-like flame of which 
imagination, like a cluld, can conjure many shapes. 

Modern theory regards heat as a manifestation of 
motion,' and experiment proves that a body fdJing 
through a certain space generates a definite quantity of 
heat, while observation shows that the waters at the 
base of the Fi^ of Niagara possess a temperature 1^ Mi ^ 
Jngjier than when they first glide over the edge of the 
predpioe. 

This increase of tempera|are is due to the mechanical 
force due to the fall, and is no more an evidence of the 
conversion of motion into heat, than is the old experi- 
ment of nibbing a button until it becomes hot. At all 
events, the fact that a given amount of mechanical force 
always produces an equivalent of heat is as applicable to 
the idea of a ^^ subtile elastic medium'^ whidi is difiPiiaed 
through all matter, as to the, at present, favourite hypo- 
thesis. 

So far has this view been strained, that the tempera- 
ture of the planets has been referred to their motions, 
^d speculation has aided the mathematician in deter- 
mining the cessation of planetary motion, by the conver- 
mou of it into heat It is true that other theorists have 
supposed points in i^paee upon which this heat might be 
concentrated and reflected back again to produce motion. 

There may be much of the poetic element in such 
speculations, but it is of that order which belongs rather 
<to the romantic than to the real. 

A sjpecnlation windi has imore of truth, and which is. 


;*■' 
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indeed, demonstrable, cannot faU to impress every mind 
with its beauty, and probable correctness. 

In the growth of a tree, its wood and all its products- 
are the result of certain external forces eflfecting chemi- 
cal changes. Carbonic acid is decomposed, the carbon 
is retained, and oxygen given off, and assimilations of a 
complex character are in constant progress to produce 
the various compounds of oxygen, hydrogen, nitrogen, 
amd carbon. 

Every condition of organised forms is due to the exter- 
nal excitation of light and heat, and in the chemical 
changes which take place, an equivalent of these prin- 
ciples, or powers — ^it signifies but little according to which 
view we may regard them — is absorbed, and retained a» 
essential to the condition of the matter formed. Let ua 
confine our attention to wood — although the position 
applies equally to every organic product. A cubic foot 
of wood is formed by the decomposition of a certain 
quantity of carbonic add, by the vital function of the 
plant, excited by the solar rays, which are involved in 
the mass which nature by " her wondrous alchemy^^ has 
made. Eventually this cubic foot of wood is subjected 
to a process of chemical chanse — combustion: by the 
appK^tion of a single spark,-Ld in the disintegration 
of the wood, its carbon combming with oxygen to form 
carbonic acid, it§ hydrdgen to form water, which is re- 
turned to the air, a large amount of Kght and heat is pro- 
duced. This is exactly equivalent to the amount which 
was engaged in its formation. Indeed, the sunshine which 
fell upon the leaves of the forest tree, of which the log 
formed a part, has been hoarded up, and we again deve- 
lope it in its original state of heat and hght. 

Tlie vast coal beds of England were formed by the 
rapid growth and quick decay of a peculiar class of 
plants under the influence of a tropical sun. They have 
been buried myriads of ages, under hundreds of feet of 
sandy rock. By the industry of thcj miner the coal 
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IS brought again to the surface, and we develope ftom 
it those powers by which it was formed. 

In the fire which gives comfort to our homes — ^in the 
furnace which generates force for the purposes of manu- 
facture, or to propel the railway engine and its pon- 
derous train — in the gas with which we illumine our streets 
and gladden during the long winter nights our apart- 
ments, we are developing that heat and light which fell 
upon the earth with all its quickening influences mil- 
lions of ages before yet the Creator had called into 
existence the monarch Man, for whose necessities these 
wondrous formations were designed. 
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CHAPTEE VII. 

LIGHT, 

Theories of l^e Nature of Light — Hypotheses of Newton and 
Huygens— Sources of Light — The Sun— Velocity of Light — 
Transparency— Dark Lines of the Spectrum — ^Absorption of 
Light— Colour — Prismatie Analysis — Rays of the Spectrum 
— Bainhow— Diffraction — Interference — Goethe's Theory — 
Polarisation — Magnetisation of Light — Yiuon — The Eye 
— Analogy— Sound and Light — Influence of Light on 
Animals and Vegetables — Phosphorescence arising from 
several Causes — Artificial Light — Its Colour dependent on 
Matter. 

LiGHT^ the first creation^ presents to the enquiring: 
mind a series of phenomena of the most exalted cha- 
racter. The glowing sunshine^ painting the earth with 
all the bnlliancy of colour^ and giving to the landscape 
the inimitable charm of every degree of illumination, 
from the grey shadow to the golden glow; — ^the calm or 
evening, when, weary of the " excess of splendour,^' the 
eye can repose in tranquillity upon the "cloud-land^' 
of the west, and watch the golden and the ruddy hues 
fade slowly into the blue tincture of night ; — and the 
pale refulgence of the moon, with the quiet sparkle of 
the sun-lit stars, — all tend to impress upon the soul, the 
great truth that, where there is Kght, organisation and 
life are found, and beyond its influence death and silence 
hold supreme dominion.* Through all timeVe have 

♦ " These — oxygen, hydrogen, nitrogen, and carhon — are the 
four hodies, in fact, which, becoming animated at the fire of the 
sun, the true torch of Prometheus, approve themselves upon the- 
earth the eternal agents of organisation, of sensation, of motion, 
and of thought/* — fiumas, Legmis de Philosophie Chimique, p. 100, 
Paris, 183T. 
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evidenoes ibait tibis has been the prevailing feeling of the 
hnman raoe^ derived, of oourae, &om their obs^ryation of 
the natural phenomena dependent upon luminous agency. 
In the mjtiis of every country, impersonations of light 
prevail, and to these are referred the mysteries of the 
perpetual renewal of h& on the sur£aee of the earth. 

This presentiment of a philosophic truth, in the in- 
stance of the poet sages of intellectual Greece, was ad- 
vanced to the highest d^ree of refinement; and the 
sublime exclamation of Plato : " light is truth, and God 
is light,'^ a^[xroaches nearly to a divine revelation. * 

As the medium of vision — ^as the cause of colour — ^as 
a power influencing inamost striking manner aU the 
forms of oiganisation around us, light presented to the 
inquiring minds of all ages a subject a£ the highest 
interest. 

The ancient philosophers, although they lost them- 
selves in the nieta{^ysical subtleties of their sdioote, 
could not but discover in light an element of the utmost 
importance in natural operations. The alchemists re- 
garded the luminous principle as a most subtile fluid, 
capable of . interpenetrating and mingling with gross 
matter: gold bdng supposed to differ from the baser 
metals only in containing a larger quantity of this ethe- 
real essence.* Modem science, after investigating most 

* It will be found in examining any of the wodcs of the alche 
mists, — particularly thofie of Oeber, De mvemendi arte Auri et 
Argentit and his De Alchemid; Roger Bacons Opus Majus^ or 
AUhymia Major; Helvetius* Brief of the Golden Calf j or Basil 
Valentine^s Currtu DriumphtUu, — that in the processes of transmu- 
tation the solar light was supposed to be marvellously effective. 
In Boyle's Sceptical Chemist the same idea will be found pervad- 
ing it. 

Amid aU their enors, the alchemists were assiduous woijc- 
men, and to them we are indebted for numerous facta. Of them, 
and of their age, as contrasted with our own. Gibbon remarks : 
— ** Congenial to the avarice of the human heart, it was studied in 
China, as in Europe^ with equal eagerness and equal success. The 
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attentively a greater number of the phenomena of lights 
has endeavonred to assist the inquiry by the aid of 
hypotheses. Newton, in a theory, which exhibits the 
refined character of that great philosopher's mind, sup- 
poses luminous particles to dart from the sur&ces of 
bodies in all directions — ^that these infinitely minute par* 
tides are influenced by the attracting and repelling forces 
of matter, and thus turned back, or reflected, &om their 
superficies in some cases, and absorbed into their inter- 
stitial spaces in others. 

Huyghens, otL the contrary, supposes light to be caused 
by the waves or vibrations of an infinitely elastic medium 
— Ether— diffused through all space, which waves are 
propagated in every direction firom the luminous body. 
In the first theory, a luminous particle is supposed actu- 
ally to come from the sun to the earth ; in the other, 
the sun only occasions a disturbance of the ether, which 
extends with great rapidity, in the same manner as a 
wave spreads itself over the surface of a lake. 

Nearly all the facts known in the time of Newtofa, 
and those discovered by him, were explained niost 
satisfactorily by his hypothesis ; but it was found they 
could be interpreted equally as the effects of undulation, 
with the exception of the production of colour by pris- 
matic refraction. Although the labours of many 
gifted minds have been given, with the utmost devotion, 
to the support of the vibratory theory, this simple fact 
has never yet received any satwfactory explanation ; and 
there are numerous discoveries connected with the mole- 
cular and chemical disturbances produced by the sun^s 

darkness of the middle ages ensured a favourable reception to 
every tale of wonder; and the revival of learning gave new vigour 
to hope, and suggested more 8peci9U8 arts of deception. Philoso- 
phy, with the aid of experience, has at length banished the study 
of alchemy j and the present age, however desirous of riches, is 
content to seek them by the humbler means of commerce and in- 
dustry."— £>tfc«nc and Fall, vol. ii. p. 137. 
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rays, which do not appear to be explained by the hypo- 
thesis of emission or of undulation. 

In both theories a wave motion is admitted, and every 
€au;t renders it probable that this mode of progression 
applies not only to light, but to the so-called imponder^ 
able forces in general. Admitting, therefore, the undu- 
latory movement of Imninous rays, we shall not stop to 
oonsider those points of the discussion which have been 
«o ably dealt with by Young, Laplace, Presnel, Biot, 
Prauenhofer, Herschel, Brewster, and others, but pro- 
ceed at once to consider the sources of light, and its 
more remarkable phenomena.* 

The sun is the greatest permanently luminous body 
we are acquainted with, and that orb is continually pour- 
ing off light from its surface in all directions at the rate, 
iimmgh the resisting medium of space and of our own 
atmosphere, of 192,000 miles in a second of time. It has 
been cdicnlated, however, that light would move through 
a vacuum with the speed of 192,500 miles in the same 
period. We, therefore, learn that a ray of light requires 
eight minut^ and thirteen seconds to come from the sun 
to us. In travelling from the distant planet Uranu8> 
nearly tiiree hours are exhausted ; and from the nearest 

* On the two theories the following maybe consulted : — Young, 
Supplement to EncychpiBdia Britannicat article Chromatics; Fres- 
nel, SuppUment it la Traduction Frangaise de la 6ieme idition du 
Traiti de Ckimie de Thomson, par Biffauit, Paris, 182^ ; Herschel's 
Article, lAght, in tbe Encyclopiedia Metropolitana, and the French 
Treuislation of it by Quetelet and Verhulst ; Airy's Tract on the 
Undulatory Theory, in his Tracts, 2nd edition, Cambridge, 1831 : 
Powel, The Undulatory Theory applied to Dispersiony &c. p. 184 ; 
Lloyd's Lectures, Dublin, 1836-41 ; Gauchy, Sur ie Mouvemint dee 
Corps ilastiques, Memoires de I'lnstitut, 1827, toI. ix. p. 114; 
llJorie de la Ijumiire, Ibid. vol. x. p. 293 ; M'Cullagh, On Doubh 
Refraction, Ibid., vol. xvi. ; Geometrical Propositions applied to the 
Wave Theory qf Light, Ibid., vol. xvii.; Sir David Brewster's 
papers in the Transactions of the Boyal Society of Edinburgh, and 
the Philosophical Magazine. 
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of the fixed stars each ray of light requires more tfaaa' 
six years to traverse the intervening space betwe^i it 
and the earth. Allow the mind to advance to the 
r^ons of nebnlse^ and it will be fomid that hundreds of 
years must glide away during the passage of their radiar 
tions. Consequently » if one of those masses of matter, or 
even one of the remote fixed stars^ was ^'blotted out of 
heaven^' to-day^ several generations of the finite inhabir 
tants dT this world would fade out of time before the 
obliteration could be known to man. Here the immen- 
sity ai space assists us in our conception, limited thougli 
it .be, of the for-ever of eternity.* 

All the planets of our system shine with rdSiected 
light, and the moon, our satellite, also owes her ^veiy 
histre to the sun's radiations. The fixed stars ar^ in 
all probability, suns shining firom the &r distance of 
space, with their own self-emitted lights. By the pho- 
tometric researches of Dr. Wollaston, we learn, howler,, 
liiat it would take 20,000 millions of such orbs as Siiius, 
the brightest of the fixed stars, to afford as much light 
as we derive from the sun. The seane observer has- 
proved that the brightest effulg^ice of the fiill moon is 
yet 601,072 times less than Hie luminous powor of our 
solar centre. 

* Reatdts of Astronomical Observations made during the years- 
1834-38, at the Cape of Good Hope, Bfc, By Sir Jomi Herschefl, 
Eart., K.H., D.C.L., F.R.S.-— " In the contemplation of the infi- 
nite, in numher and in magnitude, the mind ever fails us. We 
stand appalled before this mighty spectre of boundless space, and 
faltering reason sinks under the load of its bursting conceptions.. 
But, placed as we are on the great locomotive of our system, des- 
tined surely to complete at least one round of its ethereal course, 
and learning that wd can make no apparent advance on our side- 
real journey, we pant with new ardour for that distant bourne 
which we constantly approach without the possibility of reaching 
it. In feeling this disappointment, and patiently bearing it, let us 
endeavour to realise the great truth firom which it flows. It cannot 
occupy our mind without exalting and improving it." — Sir 2)^ 
Brewster : North British Review 
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The cokivatoiB of modem science are a bold race; not 
contented with endeavouring to understand the physicaL 
earthy they are endeavouring to comprehend the condi- 
tion of the solar surface. The mind of man caan pene- 
trate £ELr into nature, and, as it were, feel put the mys- 
teries of untrayersed space. The astronomer learns of 
a peculiar condition of light, which is termed' polarisa-^ 
tion, and he learns by this, too, that he can determine iT 
from a bright luminous disc the light is derired from a 
solid mass in a state of intense ignition, or from vapour 
in an incandescent condition. He adds a polarising ap- 
paratus to his telescopes, and he determines that the 
Ught we derive from the sun is due to an envelope of 
vapour — bxuming, in all probability-r-only with greater 
intensity, as the gas whieh we now employ. This PhO'- 
to$pkere — as it has been called by the late French philo- 
sopher Arago, is found to be subjected to violent disturb- 
ances, and the dark spots seen on the sun^s disc are now 
known to be openings through this mysterious envelope 
of light, which enable us to look in upon the AbA body 
of the sun itself. 

Luminous phenomena may be produced by varioua 
means — chemical action is a source of light ; and, under 
several circumstances in which the laws of affinity are 
strongly exerted, a very intense luminous effect is pro- 
duced. Under this head all the phenomena of combust 
tion are included. In the electric spark we have the 
development of light; and the arc which is formed 
betwe^i charcoal points a the poles of a powerful voltaic 
battery affords us the most intense artificial illumination 
with, which we are acquainted. In addition to these, we 
have the peculiar phenomena of phosphorescence arising 
from chemical, calorific, electrical, actinic, and vital ex- 
citation, all of whidi must be particularly examined. 

From whatever source we procure light, it is the same 
in character, differing only in intensity. In its action. 
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upon matter^ y^e have the phenomena of transmission^ of 
reflection^ of refiraction, of colou^^ of polarisation^ and of 
vision^ to engage our attention. 

A beam of white light falls upon a plate of colourless 
glass^ and it passes freely through it, losing but little of 
its intensity ; the largest portion being lost by reflection 
from the first surface upon which the light impinges. If 
the glass is roughened by grinding, we lose more light 
by absorption and by reflection from the asperities of 
the roughened surface ; but if we cover that face with 
any oleaginous fluid, as, for instance, turpentine, its 
transparency is restored. We have thus direct proof 
that transparency to light is due to molecular condition. 
This may be most strikingly shown by an interesting 
experiment of Sir David Brewster's : — 

If a glass tube is filled with nitrous acid vapour, which 
is of a dull red colour, it admits freely the passage of 
the red and orange rays with some of the others, and, if 
held upright in the sunshine, casts a red shadow on the 
ground; by gently warming it with a spirit-lamp, whilst 
in this position, it acquires a much deeper and blacker 
colour, and becomes almost impervious to any of the 
rays of light ; but upon cooling it again recovers its 
transparency. 

It has also been stated by the same exact expenmen- 
talist, that having brought a purple glass to a red heat, 
its transparency was improved, so that it transmitted 
green, yellow, and red rays, which it previously ab- 
sorbed ; but the glass recovered its absorptive powers as 
it cooled. A piece of yellowish-green glass lost its 
transparency almost entirely by being heated. Native 
yellow orpiment becomes blood-red upon bdng warmed, 
when nearly all but the red rays are absorbed ; and pure 
phosphorus, which is of a pale yellow colour, and trans- 
mits freely all the coloured rays upon being melted, be • 
comes very dai'k, and transmits no light. 
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Chemistry affords nmiiax>iis examples of a very slight 
change of condition^ producing absolute opacity in fluids 
which were previously diaphanous.* 

Charcoal absorbs s31 the light which falls upon it^ but 
in someof its states of combination^ and in the diamond, 
which is pure carb-on, it is highly transparent. Gold 
and silver beaten into thin leaves are permeated by the 
green and blue rays, and the metals in combination with 
acids are all of them more or less transparent. What 
becomes of the light which MLs upon and is absorbed 
by bodies, is a question which we cannot yet, notwith- 
standing the extensive observations that have been made 
by some of the most gifted of men, answer satisfactorOy. 
In all probability, as already stated, it is permanently 
retained within their substances ; and many of the expe* 
Timents of exciting light in bodies when in perfect dark- 
ness, by the electric spark and other means, appear to* 
support the idea of light becoming latent or hidden. 

No body is absolutely transparent ; some light is lost 
in passing even through ethereal space, and still more in 
traversing our atmosphere. 

Amongst the most curious instances of absorption is 
Hiat which is uniformly discovered in the solar spectrum, 
particularly when we examine it with a telescope. We 
then find that the coloured rays are crossed by a great 
number of dark bands or lines, giving no light ; these 
are generally called Fraunhofer^s dark lines, msit was to 
the indefatigable exertions of that experimentalist, and 
by the aid of his beautiful instruments, that most of them, 
were discovered and measured, and enumerated, although 
they were previously noticed by Dr. Wollaston. It is 
quite dear that those lines represent rays which have 

♦ For examples of this, consult Graham's Elemmts of Che- 
mutry ; Brande's Manual of Chemistry j or, indeed, any work 
ti'eating of the science. The formation of ink, by mixing two 
colourless solutions, one of gallic acid and another of sulphate o£ 
iron, may be taken as a familiar instance. 
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•been absorbed in their passa^firom the son to the earth: 
although some of them have no doubt nndei^one ab- 
sorption within the limits of the earth's atmosphere^ we 
have every reason to believe, with Sir John Hersehel, 
that the principal absorption takes place in the atmos- 
phere of the sun.* 

It has been proved hj Dr. Miller, that the number of 
those dark lines is continually varying ynth the ialtera- 
tion of atmospheric conditions ;t and the evidences 
which have been afforded, of peculiar states of absorp- 
tion by the gaseous envelope of the earth, — during the 
prosecution of investigations on the chemical agencies 
of the sun^s rays. — are of a sufficiently convinciog cha- 
racter. 

It has been calculated by Bouguer, that if our atmos- 
phere, in its purest state, could be extended rather more 
than 700 miles from die earth's surface instead of nearly 
40, as it is at present, the sun's rays could not penetrate 

' * Sir John Herschel, in hi^ paper On the Chemical Action of the 
Rays of the Solar Spectrum on Preparations o/ Silver, remarks that, 
''it may seem too hazardous to look for the cause of this very sin- 
gular phenomenon in a real diBerenee hetween the chemical agen- 
cies or those rays which issue from the central portion of the sun's 
disc, and those which, emanating from its herders, have undergone 
the ahsorptive action of a much greater depth of its atmosphere; 
and yet I confess myself somewhat at a loss what other cause to 
assign for it* It must suffice, however, to have thrown out the . 
hint ; remarking only» that I have othw, and, I am disposed to 
thinks decisive evidence (which will find its place elsewhere), of the 
existence of an ahsorptive solar ^atmosphere, extending heyond the 
luminous one. The hreadth of the border, I should observe, is 
small, not exceeding 05 or ^ part of the sun's radius, and this, 
from the circumstances of the experiment, must nfioesaarlly err in 
excess." — Philosophical Transactions, 1840. 

f Experiments and Observations on some Cases of Lines in the 

Prismatic Spectrumj produced btf the passage of Light through 

Oolomred Vapours and Gases\ and fro» eertuiu Coloured Flames. 

By W. A. Miller, M.D.. P.R.S., Professor of Chemistry in King's 

Allege, London. — Philosophical Magazine^ vol, xxvii. 


ABSORPTION OF UOHT. 127 

it^ and this globe would roll on in darkness and silence, 
without a vestige of v^etable form or of animal life. In 
the Hebrew version of the Mosaic Hist(»y, the reading 
is, " Let light appear :" may not this really mean that 
the earth^s atmosphere was so cleared of obstructing 
vapours, that the solar rays were enabled to reach the 
earth? The same calculation supposes that sea-water 
loses all its transparency at the depth of 730 feet ; but 
a dim twilight must prevail much deeper in the ocean. 

The researches of Professor Edward Forbes have 
proved, that at the depth of 230 fathoms in the ^gean 
sea, the few shelled animals that exist are colourless : no 
plants are found within that zone ; and that industrious 
naturalist fixes the zero of animal life of those waters at 
about 3CiO fathoms.* Since these zones mark the rapidly 
diminishing light, it is evident that where life ceases to be 

must be beyond the limits to which life can penetrate* 

» 

* Report on ike MoUusca and Radiata of the JSgean Sea, and 
on their distribution^ considered as bearing on Geology, By £dward 
Forbes, F.R.S., &c. — Reports of the British Association, vol. xii. Pro- 
fessor Forbes remarks : — " A comparison of the testacea, and other 
animals of the lowest zones, with those of the higher, exhibits a 
Tery great distinction in the hues of the species, those of the 
depths being, for the most part, white or colourless, while those of 
the higher regions, in a great number of instances, exhibit brilliant 
combinations of colour. The results of an enquiry into this sub- 
ject are as follows : — 

** The majority of shells of the lowest zone are white or trans- 
parent ; if tinted rose is the hue, a very few exhibit markings of 
another colour. In the seventh region, white species are also 
very abundant, though by no means forming a proportion so great 
as the eighth. Brownish red, the prevalent hue of the brachio- 
poda, also gives a character of colour to the fauna of this zone; 
the Crustacea found in it are red. In the sixth zone the colours 
become brighter, reds and yellows prevailing, — generally, how- 
ever, untfomily colouring the sh^l. In tiie fifth region many 
specips are banded or clouded with various combinadonB of coloiurs* 
and the number of white species has greatly diminished. In the 
fourth, purple hues are frequent, and eontraats of colour common. 
In the second and third, green and blue tints are met with, some- 
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^^ TRANSMISSION 0¥ LIGHT. 

Our atmosphere^ chained with aqueous • vapoiur, serves 
to shield us froin the intaise action of the solar powers. 
By it we are protected fipom the destructive » influences 
of the sun's light and heat; enjoy those modified 
conditions which are most conducive to the healthM 
being of oi^anic forms ; to it we owe " the blue sky 
bending over all/' and those beauties of morning and 
evening twilight of which 

■ Sound and motion own the potent sway, 

Responding to the charm with its own mystery. 

To defective transparency^ or rather to the different 
degrees of it, we must attribute, in part, the colours of 
permeable media. Thus, a glass or fluid appears yellow 
to the eye, because it has the property of admitting the 
permeation of a larger quantity of the yellow rays than 
of any others ; — ^red, because the red rays pass it with 
the greatest freedom ; and so on for every other colour. 
In most cases the powers of transmission and of reflec- 
tion are similar ; but it is not so in all ; a variety of fluor 
spar, which, while it transmits green light, reflects blue,, 
and the precious opal, are striking instances to the con- 
trary. Some glasses which transmit yellow light have 
the singular power of dispersing blue rays from one sur- 

times very vivid ; but the gayest combinations of colour are seen 
in the ^ttoral zone, as well as the most brilliant whites. 

" The animals of Testacea, and the Eadiata of the higher zones, 
are much more brilliantly coloured than those of the lower, where 
they are usually white, whatever the hue of the shell may be . 
Thus the genus Trochus is an example of a group of forms mostly 
presenting the most brilliant hues both of shell and animal ; but 
whilst the animals of such species as inhabit the littoral zone are 
gaily chequered with many vivid hues, those of the greater depth,, 
though their shells are almost as brightly covered as the covenngs 
of their allies nearer the surface, have their animals, for the most 
part, of a uniform yellow or reddish hue, or else entirely white. 
The chief cause of this increaseof intensity of colour as we ascend^ 
is, doubtless, the increased amount of light above a certain deptL"^ 
—p. 172. 
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ftee ; and a sohitum of qniiiiiie in water aciMated walk 
snlphtoric acid, altlMSttgli peifectlj tNauspaeoi and coloar- 
leiB wl^si held between the eye and the l^t^ exhihite^ 
if viewed in a particiilax infection, a livd^y^eeniiieaa tmt. 
Vktue ^eets being snppoeed to be due to the 4)iHicUtioaB 
irf the surface^ hare been called epipofic phenoiaeiia.^ 
The earefiil inyestigation of tibese phenomeBa haa 
made us acquainted with some very interesftmg fiw^te^jrad 
i>deed discovered to 118 a aetof hmonous lay. whiok 
wese previously nnknown. The du^^ersion of blue light 
firomtiiesurfiBce of fiome ydlow glasses — siidias luure been 
ocdoured fov the oxide of silver — is of a different order 

m 

from Hiat which takes place with the solutioaaof suljAiate 
(^ quinine^ or with the fluor spar. The first dreads 
upon a peculiar conditicm of the sur&ce^ while the huttar 
phenomena are due to a diq^eiaian whidli takes place 
mihin the solid or fluid. In addition to the sulphate 
of quinine^ and die flour spar^ we obtain theaameBeaults 
in a vi^ marked maimer by a canary ydlow glasa^ 

♦ 'AiUp<l>wcu On ike Epipolic Disper&on qf Light, beiog a 
paper entitled, On a case of Superficial Colour presented by o homo- 
^eueous liquid internally colottrless. By Sir J. F. W. HeroclMl, 
Bart , K.H., F.R.S., &c. — An epiptjRzed heem of Mgfd (laeoaiog 
tberoby a beun which has onoe been traasmitted t^ioi^h a^ ttini- 
ferons solii^ii, and uadei^ooe its dispersiDgaetioa^ ismoipaUe 
qffwrther undergoing epipolic dispersion^ In proof of this the fol- 
lowing experiment may be adduced, — 

A glass jar being filled with a qiiiniferoiifl solution, a pieee of 
^ate glass was immersed in it vertically, so as to be anfth^ 
covered, and to present one face direotiy to ibe incident %bi. La. 
this situation, when viewed by an eye almost perpendicularly over 
it, so as to graze either surface very obliquely, neither the anterior 
Hor posterior face ^owed the slightest trace of epipolic colour. 
How, the light, at Its ^^ress from, the immersed 'glase, eatend Hk 
liquid nader ppeessely the same oiroumstaaices as tbalwJHeh, wken 
traversing the anterior «nrfaee of the glass jar, underwent ep%)olk; 
dispersion on first entering the liquid. It bad, therefore, lost a 
property which it originally possessed, and could not, t^Fefbre, he 
«onsi<lered pmi^thely the saf&e lig^ht. — PMlo^ffiieel Tn^sac- 
dons, vol cxatxTi. 
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coloured with the oxide of uraninm, and by a decoc-* 
tion of the inner bark of the horBe-chesnut tree. Mr. 
Stokes^ who has investigated this class of phenomena^ 
andproposestocallitF/tforeffcenoe^ from its beings naturally 
seen in fluor-spar^ has shown that the peculiar internal 
dispersion^ and the consequent alteration of the colour 
of the ray^ is due to an alteration in its refrangibility. 
Whether this hypothesis prove to be the correct one or 
iiot^ it is certain that there exists a set of rays of far 
higher refrangibihty than those seen in the ordinary 
Newtonian spectrum. This may be shown in the follow* 
ing manner : taking either of tiie solutions named^ or a 
block of uranium glass^ throw upon one face^ by means of 
a prism^ a' very pure spectrum. On looking into the 
glass or fluid there will be seen, commencing amidst the 
most refrangible rays, a new set of spectral rays, strog* 
gling to make their way through the absorbent medium. 
These are of a blue colour in the quinine or chesnut 
solution, and green in the uranium glass, and are seen 
extending themselves far beyond the most refrangible 
rays of the ardinaiy Newtonian spectrum. This is the 
space over which those rays which have the power of pro- 
dW cheiaical changes; such as axe rendWed fiunLr 
by the practice of Photography, are detected in their 
greatest activity. It has, therefore, been supposed that 
these fluorescent rays are the chemical rays rendered lu- 
minous by the alteration of their refrangibihty. This 
view has 4»iyed much support fiom ^fact that the 
extra spectral rays are crossed with numerous dark 
lines, and that in the chemical impressions these 
lines are marked by tmchanged spaces which exactly 
coincide with them. There is, however, much doubt of 
the correctness of this, since, in the uranium glass of 
such a thickness that these visible rays are quite ab- 
sorbed, the chemical rays still pass. 

However, the whole question requires, and is receiving, 
the most searching investigation. The discovery of 
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these phenomena^ which are included under the term of 
Fluorescence^ is of that interesting and important cha<> 
racter^ that it must be ranked as the most decided ad* 
vance which has been made in physical optics since the 
days of Newton. 

It is not improbable that those rays of such high 
refrangibility may^ although they are under ordinary 
circumstances invisible to the human eye^ be adapted 
to produce the necessary degree of excitement upon 
which vision depends in the optic nerves of the night* 
loamiQg animals. The bat^ the owl^ and the cat, may 
see in tbe gloom of night by the aid of rays which are 
invisible to, or inactive on the eyes of man, or of those 
animals winch require the light of day for perfect vision. 

It is a general law of the radiant forces, that when«» 
ever they fall upon any surface, a portion is thrown 
back or reflected at the same time as other portions are 
absorbed or transmitted. Upon this peculiarity appear 
to depend the phenomena of natural colour in bodies. 

The white light of the sun is well known to be com- . 
posed of several coloured rays. Or rather, according to ^ * 
the theory of undulations, when the rate at which a ray 
vibrates is altered, a different sensation is produced upon 
the optic nerve. The analytical examination of this 
question shows, that to produce a red colour the ray of 
light must give 37,640 undulations in an inch, and 
458,000000,000000 in a second. YeUow light requires 
44,000 undulations in an inch, and 535,000000,000000 
in a second ; whilst the effect of blue results from 51,110 
undulations within an inch, and 622,000000,000000 of 
waves in a second of time.* The determination of such 

* In connection with this view, the Newtonian theory should 
be consulted, for which see — A Letter of Mr. Isaac Newton, Pro- 
fessor qf tke Mathematicks in the University of Cambridge ; con- 
taining his new Theory about Light and Colors : sent by the Author 
to the Publisher, from Cambridge, Feb, 6, 1671-72, in order to be 
communicated to the Royai Society. 
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points as these is am<mg the highest refinemenls of 
smnoe, and^ when contrasted with the most suUime 
elfoits of the imagination^ they must appear inimea- 
snraUy superior. 

If a body sends back white light unchanged^ it appears 
white ; if the surface has the property of altering the 
Tflbralion to that degree which is calculated to produce 
redness^ the result is a red colour : the annihilation of 
Hie undulations produces blackness. By the other yiew, 
Gt the corpuscular hypothesis^ the beam of white I^ht 
IB supposed to consist of certain coloured rays^ eadi of 
which has physical properties peculiar to itself^ aad thus 
is capable of producing different physiological elfec1». 
These rays falling upon a transparent or an opaque body 
suffer more or less absorption^ and being thus dissevered^ 
we have the effect of colour.^pA red body abs(»bs all 
the rays but the red; a blue surface, all but the blT:»; 
a y^ow^ all but the yellow ; and a black surface absorbs 
the whole of the light which falls upon it. 

That natural colours are the result of white light, and 
not innate properties of the bodies themsdres, is most 
conclusively shown by placing coloured bodies in mono- 
€fax>matic light of another kind^ when they yfiO. appear 
either of the colour of that lights or, by abs(»*bing it^ 
become black ; whereas, when placed in light of t^ieir 
own character, the inteneity c^ colour is greatly in- 
creasing. 

Every surfece has, therefore, a peculiar constitutkm, 
by which it gives rise to the diversified hues of nature. 
The rich and hvely green, which so abundmitiy over- 
spreads the surface of the eartli, the varied cok)urs of 
the flowers, and the numberless tints of animals, toge- 
A«r with all those of the productions of the mmmd 
kingdom, and of the artificial combinations of chemical 
manufacture, result &om powers by which the relations 
of matter to light are rendered permanent, until its ^y^ 
sical conditions undergo some i^iange. 
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There is a femarkable correspondenoe betvireen the 
geographical position of a r^on and the oolouia of ilB 
plants and animab. Within the tropics^ wheie ^T^f> 9i (^^ 

" The sun shines for ever unchangeably bright," .^ ^^ 

!)■'•' s- •".,.■ 

the darkest green prevails over the leaves of plants ; the 
flowers and frnits are tinctured with colours of the 
deepest dye, whilst the plumage of the birds is of the 
most variegated description and of the richest hues. In 
the people also of these climes there is manifested a 
desire for the most striking colours, and their dresses 
have aU a distinguishiDg character, not of shape merely, 
but of chromatic arrangement. In the temperate 
climates everything is of a more subdued variety : the 
flowers are less bright of line ; the prevailing tint of the 
winged tribes is a russet brown ; and the dresses of the 
inhabitants of these regions are of a sombre character. 
In the colder portions of the earth there is but little 
>colour; the flowers are generally white or yellow, and 
the animals exhibit no other contrast than that which 
white and black aflbrd. A chromatic scale might be 
formed, its maximum point being at the equator, and its 
minimum at the poles.* 

The influence of light on the colours of organized 

^ In that admirable work, Tbe Physieed Atlas of Dr. BerghauB, 
of which a very complete edition by Alexander Keith Johnstone 
iff puMiahed in this country, the following order of the distaalmti«n 
of plants is given ; — 

^* '^^Wnas*'''^^^"'^ ^''''} ^^^^^^'^ ^^"^ 

2. Tree ferns and figs . Tropical zone. 

3. Myrtles and laurels Sub-tropical zone. 

4. Evergreen trees . . Warm temperate zone. 


5. European trees 

6. Fines . 

7. Rhododendrons 

8. Alpine plants 

Consult Humboldt, Bssai 


Cold temperate zone. 
Sub-arctic zone. 
Arctic zone. 
Polar zone. 


sur la GeograpUe des Plantes, Paris, 
1807; Ve Distributume GeographieA Ptaniarumy Paris, 1817. 
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creation is well shown in the sea. Near the shores we 
find sea-weeds of the most beautiful hues^ parti- 
cularly on the rocks which are left dry by the tides ; 
and the rich tints of the actiniae^ which inhabit shallow 
water^ must have been often observed. The fishes which 
swim near the surface are also distinguished by the 
Tariety of their colours, whereas those which live at 
greater depths are grey, brown, or black. It has been 
found that after a certain depth, where the quantity of 
light is so reduced that a mere .twilight prevails, the 
iidiabitants of the ocean become nearly colourless. 
That the sun's ray alone gives to plants the property of 
reflecting colour is proved by the process of blanching, 
or etiolation, produced by artificially excluding the light. 
By atriangular piece of glass — a prism, — ^weaxe enabled 
to resolve light into its ultimate rays. The white pencil 
of light which falls on the first surface of the prism is 
bent from its path, and coloured bands of different 
colours are obtained. These bands or rays observe a 
curious constancy in their positions : the red ray is 
always the least bent out of the straight path: the 
yeUow class comes next in the order of refrangibility ; 
and the blue are the most diverted from the vertex of 
the prism. The largest amount of illuminating power 
exists in the yellow ray, and it diminishes towards either 
end.* It is not uninteresting to observe something like 

Bchouw, Gftaiduzge der Pfianxengeographie. Also his Earth, Phmts^ 
and Man J translated by Henfrey, in Bohn*s Scientific Library. 
Lamouroux, Giographie Physique, The Plant, a Biography : by 
Schleiden; translated by Henfrey. Physical Geography: by 
Mrs. Somerville. 
* Frauenhofef s measure of illuminating power is as follows : — 
At the 22nd degree of the red . . 0*082 


„ d4th degree o^ the red . 

„ 22nd degree of the orange 

„ 10th degree of the yellow 

y, 42nd degree of the vellow 

„ 2nd degree of the blue 

„ 16th degree of the indigo 

,, 4^rd clpgree of the violet 


0094 
0-040 
1-000 
0-480 
0170 
0-031 
0-0050 
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the same variety of colour occurring at each end of the 
prismatic spectnmi. The strict order in which the pure 
and mixed coloured rays present themselves is as 
foDows :— I 

1. The extreme red: a ray which can only be dis- 
covered when the eye is protected from the glare of the 
other rays by a cobalt blue glass^ is of a crimson 
character — a mixture of the red and the bluej red 
predominating* 

2. The red : the first ray visible imier ordinary cir- 
cumstances. 

3. The orange : red passing into and combining with 
yellow. 

4. The yellow : the most intensely luminous of the 
rays. 

5. The green : the yellow passing into and blending 
with the blue. 

6. The blue: in which the light very rapidly di- 
minishes. 

7. The indigo : the dark intensity of blue. 

8. The violet : the blue mingled again with the red — 
blue being in excess. 

9. The lavender grey: a neutral tint, produced by 
the combination of the red, blue, and yellow rays^ which 
is discovered most easily when the spectrum is thrown 
upon a sheet of turmeric paper, 

10. The fluorescent rays : which are either a pure 
silvery blue or a delicate green, 

Newton regarded the spectrum as consisting of seven 
colours of de&iite and unvarying refrangibility. Brews- 
ter and others appear to have detected a great diffusion 


* Herschel, On the Action of Crystallized Bodies on Homo- 
geneous Light, and on the causes of the deviation from Newton* s scale 
in the tints which many of ihem devehpe on exposure to a polarized 
ray, — Phil. Trans., vol. ex., p. 88. 
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of the coioovs over the apeetrum, and regard white light as 
eoasittingoi^of three rays, which in the prismaticimages 
overlap each other ; and from these — ^red, yellow^ loid 
blue — all the others can*be formed by combinatKm in 
varyiBg proportions. The tnith wiU probably be found 
to be^ that the ordinary prismatic qpectnun is a com- 
^ pound of two spectra : — that is, as we have the (ordinary 
yf rainbow, and a supplementary bow, the colours of which 
\ ^^ are inverted, so the extraordinary may be somewhat 

masked by the intense light of the ordinary spectrum ; 
and yet by overlapping produce the variations of ccdoar 
in the rays. We have already examined the heating 
power foimd in these coloured bands, which, ^Ithoi^ 
shown to be in a remailtable manner in constant 
agreement with the colour of a particular ray, is not 
directiy connected vrith it ; that is, not as the effect 
of a cause, or the contrary. The chemical action of the 
«alar »ys; to wkich f^Sts import^it bearings we shall 
devote a separate chapter, has, in like manner with 
heat, been confounded with the sun's luminous power; 
b«t«although associated .with light and heat, and modi- 
fied by their presence, it must be distinguished firom 
them. 

We find the maximum of heat at one end of the 
spectrum, and that of chemical excitation at the other 
— ^luminous power observing a mean point between them. 
Without doubt we have these powers acting recipro- 
cally; modifying all the phenomena of each other, wd 
thus giving rise to the difficulties which beset the in- 
quirer on every side. 

We have beautiful natural illustrations of luzninims 
refiraction in the rainbow and in the halo : in both cases 
the rays of light being separated by the refractive power 
of the &Uing rain drop, or the vesicles which form the 
moifltiire constituting a fog. In the simple toy of the 
child — ^the soap-bubble floating upon the air — ^the phi^ 
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loaopher finds subiects for his oonteraplaiaon ; and from 
the^raUed pky of colours ^Inthhe dkoovers m 
th&fc attenuated film, he learns that the varying thick- 
nesses of surfaces inflneuce, in a most remarkable 
manner^ the colours of the sunbeam. Films oi oil 
floating up(m water present similar appearances ; and 
the cdlonrs developed in tempering steel are due en- 
tirely to the thickness of the oxidised surface produced 
by heat. There have lately been introduced somebeautiful 
specimens o£ paper rendered richly iridescent by the fol- 
1^ pnK»sk :-A solution of » gWa resin in cUoroform 
is floated upon water^ where it forms a film giving all the 
coknizs of Newton^s rings. A sheet of paper whid. 
has been prerioudy sunk in the water is carefully lifted, 
and the fflm thus removed adheres with great firmness 
to the pj^, and produces this rich and curious pUy of 
colour. The rich tints upon mother-(rf-pearl^ in the 
feathers of many birds, the rings seen in the cn«k. of 
rock^-crystal, or between the uneoual faces of two piieces 
of gh»4and produced by man/ chemical and indeed 
melianical opLtions-aie all owing to the san^e cause ; 
: — the refraction of the luminous pencil by the condition 
of the film or surface. If we take oae of those steel 
ornaments which are formed by being covered with an 
immense nnmb^ of fine lioes^ it will be evident that 
these striK present many differaoLt angles of refiection, 
and that^ consequently^ the rays thrown baek will, at 
some point or another, have a tendeucy to cross eadi 
other. The resuU of this is, that the quantity of hght 
is augmented at 9ome points of intersection, and aimtht- 
lated at othersL* Out of the investigation of the fdie- 
nomena of diffraction, of the effects of thin and thu^ 
plates upon l^ht, and the results of interferenee, has 

* On the Nature of Light tmd Colours : Lecture 39, in Young's 
Lectures on Natural PhUosopb^y KeUand's Edition, p. 373, and the 
authorities there quoted. 
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arisen the discovery of one of the most remarkable con- 
ditions within the range of physical science. 

Two bright lights may be made to produce darkness. 
— ^If two pencils of light radiate from two spots very 
close to each other in such a maimer that they cross 
each other at a given point, any object placed at that 
line of interference will be illuminated with the sum 
of the two luminous pencils. If we suppose those rays 
to move in waves, and the elevation of the wave to 
represent the maximum of luminous ejffect, then the 
two waves meeting, when they are both at the height of 
their undulation, will necessarily produce a spot of 
greater intensity. If now we so arrange the points of 
radiation, that the systems of luminous wa^s pro- 
ceed irregularly, and that one arrives at the screen 
half an undulation before the other, the one in 
elevation falling into the depression of the other, a 
mutual annihilation is the consequence. This fact, 
paradoxical as it may appear, was broadly stated by 
Grimaldi, in the description of his experiments on the 
inflection of Hght, and has been observed by many 
others. The vibratory hypothesis, seizing upon the 
analogy presented by two systems of waves in water, 
explains this plausibly, and many similar phenomena of 
what is called the interference of light ; but still upon 
examination it does not appear that the explanation is 
quite free from objection.* 

• Another theory, not altogether new to us, it being in- 
I dicated in Mayer's hypothesis of three primary colours 
(1775), and to be found as a problem in some of the 
Encyclopaedias of the last century, has been put forth, 
in a very original manner, by that master-mind of intel- 
\ f A lectual Germany, Goethe; and from the very compre- 
hensive views which this poet-philosopher has taken of 

\ * Brewster's Optics : Lardner's Cabinet CydopsBdia. Herscbd, 
On Light : Encyclopaedia Metropolitana. 
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l)oth animal and vegetable physiology (views which have 
been adopted by some of the first naturalists of Europe), 
we are bound to receive his theory of colours with every 
respect and attention. 

Goethe regards colour as the "thinning^^ of light; 
for example, by obstructing a portion of whitelight, yellow 
is produced ; by reducing it still farther, red is sup- 
posed to result ; and by yet farther retarding the free 
passage of the beam, we procure a blue colour, which is 
the next remove from blackness, or the absence of 
light. There is truth in this ; it bears about it a sim- 
pUcity which will satisfy many minds ; by it many of 
the phenomena of colour may be explained : but it is 
insufficient for any interpretation of several of those 
laws to which the other theories do give us some insight. 

Newton may have allowed himself to be misled by 
the analogy presented between the seven rays of the 
spectrum and the notes in an octave. The mystic 
number, seven, may have clung like a fibre of the web 
of superstition to the cloak of the great philosopher ; 
but the attack made by Goethe upon the Newtonian 
philosophy betrays the melancholy fact of his being 
diseased with the lamentable weakness of too many 
exalted minds — an overweening self-esteem. 

The polarization of Kght, as it has been unfortunately 
called — ^unfortunately, as conveying an idea of deter- 
minate and diflferent points or poles, which only exists 
in hypothetical analogy-:— presents to us a class of phe- 
nomena which promise to unclose the mysterious doors 
of the molecular constitution of bodies. 

This remarkable condition, as produced by the re- 
flection of light from glass at a particular angle, was 
first observed by Malus, in 1808,* when amusing him- 
self by looking at the beams of the setting sun, reflected 

* Malus, Sur vne ProprUU de la Lumiere Riflichie : Memoires 
d'ArcueiJ. Numerous memoirs by Sir David Brewster, in the 
Philosophical Transactions. 
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from the windows of the Luxembourg Falaee through 
a douUe refractiiig prism. He observed that whoi the 
prinn waain one position, the windowsvwith their golden 
rays were visible ; but that turned round a quarter oi a 
circle from that po6itk)n, the reflected rays disappeared 
although the windows were still seen. 

The phenomenon of double refraction was noticed, in 
the first instance, by jErasmus Bartolin, in Iceland-spar, 
a crystal the primary form of which is a rhombo- 
hedron ; who perceived that the two images produced 
by this body were not in the same physical conditions.* 
It was also studied l^ Huyghens and Sir Isaac Newton, 
and to our countryman we owe the singular idea that a 
ray of hght emei^ing from such a crystal has sides. 
This breaking up of the beam of light into two, — ^which 
is shown by looking through a pin-hole on a card 
through a crystal of Icdiand spar, when two holes be- 
come visible, is due to the different states of t^ision in 
which the different layers constituting the crystal exist. 

In thus separating the ray of light into two rays, the 

\ * Bartholin, On leeland Crystals : Copenhagen, 1669. An Acctnpt 

^ sundry Experiments made and commumcaUtd by that Learnd 
Sifaihematieian Dr. Erasmus Bartholin, upon a Chrystal Hke 
Bodif sent to Atn out of Island: in connection with which Dr. 
Matthiaa Paissenius writes : — ^The observations of the excellent 
Bartholin upon the Island Chrystal are, indeed, ccnsideraJble, as 
well as painful. We have here, also, made some tiyals of it upon 
a piece he presented me with, which confirm his ohservations. 
Mean time he found it somewhat acissile and reducible by a knife 
iato thin Uuninas or plates, which, when single, shew'd the object 
isingle, but laid upon one another shew'd it double ; the two images 
appearing the more distant from one another, the greater the. num- 
ber was of those thin plates laid on one another. With submission 
to better judgements I think it to be a kind of Selenites. Some 
of our earions men here were of opinion that the Rhomboid fi[gm» 
proper to this stone was the cause of the appearances douUed 
thereby. But having tryed whether in other transparent bodies 
of the hke figure the like would happen, we fonad no such, thing 
m them, which made us suspect some peculiarity in. the veiy Body 
of the stone.— Phil. Trans, lor 1670, voL t. 
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oondition cidled polarisation has been prodnced^ ani 
by experiment we diaoaveft that the single luy ha» 
piop^rties diff^ent firom ihose of tiie compouaid or 
ordinary ray. 

It is soinewhat difficult to explain what is meant by, 
and what are the conditions oi, polarised light. In ^k» 
first instance let ns see by what methods this peculiar 
state may be bron^t abont. 

If we reflect a ray of light &om the surface of moj 
body^ finid or solid^ bat not metallic^ at an angle between 
53° and 68° it undergoes what has been called j^fone 
j9ofamaMoft. It may also be {»x>dnced by the refraction 
of tight firom several refracting Bnrfaces acting upon Ae 
peaneil of light in succession ; as by a bundle of phioa 
(rf ^ass. Eadi surface pcdarises a portion of the poKnl, 
and the number of plates necessary to polraise a whole 
beam dep^ids tfpon the intensity of the beam and the 
an^ of incidence. Thns^ the hgfat of a wax candle is 
whcriUy p(darised by ferty-seven plates of gla^s at in 
angle of 40^ 41'; while at an angle of 7^ 11' it is 
polarised by eight plates. Again^ plane polarisatiim 
may be produced by the douUe refinu^on of crystals. 
Each of the two pesdls is polarised^ like light re- 
fleeted from glass at an angle of 56° 45'^ but inoj^iosate 
planes. 

Non-scientific readers will still ask^ — ^What is this 
mysterious condrtion of light which is produced by ie» 
fleetioB and refraction at peculiar angles to the incuilent 
ray. It is one (tf the most difficult of problems to 
express in popolar language. The conditioDs are, 
however, these : — 

An ordinary ray of light will be reflected from a re* 
fleeting suiface at whatever angle that suriice may be 
plaeed in relation to the incident beam. 

A polarisod ray of light is not reflected in all positions 
of the reflecting surfisM^. 
An ordinary ray of light is -fredy transmitted tiffong^ 
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h transparent medium^ as glass, in whatever position it 
may be placed relative to the source of light. 

A polarised ray of light is not transmitted in all the 
positions of the ptoneable medium. 

Supposing a plate of glass is presented at the angle 
56^ to a polarised ray^ and the plane of incidence or 
reflenon is at right angles to the plane of polarisation 
of the ray, no light is r^cted. If we turn the plate of 
glass round through 90^, when the plane of reflexion is 
parallel to that of polarisation the light is reflected. If 
we turn the plate round another 90^, so that the plane 
of reflexion and of polarisation are parallel to each oth^ 
again no light is reflected; and if we turn it through 
another 90^ the reflection of the ray again takes place. 

Precisely the same result takes place when, instead of 
being reflected, the polarised ray is transmitted. 

Some substances have peci:diar polarizing powers : 
• ihe tourmaline is a familiar example. If a slice of 
tourmaline is taken, and we look at a common pencil 
of light through it, we see it in whatever position we 
may place the transparent medium. If, however, we 
look at a pencil of polarised light, and turn the crystal 
round, it will be found that in two positions the light is 
stopped, and that in two other positions it passes freely 
through it to the eye. 

By way of endeavouring to conceive something of 
what may be the conditions which determine this yeacy 
mysterious state, let us suppose each ray of light to 
vibrate in two planes at right angles to each other : one 
wave being vertical and the other horizontal. We have 
many examples of this compound motion. The mast of 
a ship, by the force with which she is ui^ed through 
the water, describes a vertical wave^ while by the roll of 
the billows across which she sails, a lateral undulation 
is produced at the same time. We may sometimes 
observe the same thing when a fleld of com is agitated 
by ashifting wind on a gusty day. 
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The hypothesis therefore is, that every ray of ordi* 
nary light consists of two rays vibrating in different 
planes; and that these rays, separated one from the 
other, have the physical conditions which we call 
polarized. 

The most transparent bodies may be regarded as 
being made up of atoms arranged in certain planes. 
Suppose the plane of lamination of any substance to be 
vertical in position, it would appear that the ray which 
has a vertical motion passes it freely, whereas if we 
turn the body round so that the planes of lamination 
are at right angles to the plane of vibration of the ray^ 
it cannot pass. 

That some action similar to that which it is here 
endeavoured to express in popular language does take 
place, is proved by the correctness of the results deduced 
by rigid mathematical analyses founded on this hy- 
pothesis. 

There 4Kre. two other conditions of the polarization of 
light — called cireuiar and elliptical polarization. The 
first is produced by light when it is twice reflected from 
the second surface of bodies at their angle of maximum 
polarization, and the second by reflexions from the sur- 
faces of metals at angles varying from 70° 45' to 78® 30\ 
The motion of the wave in the first is supposed to be 
circular, or to be that which is represented by looking 
along the centre of a corkscrew as it is turned round. 
At every tnm of the medium ejecting circular polari. 
nation the colour of the ray of light is changed after a 
uniform order. If turned in one direction, they change 
through red, orange, yellow, green, and violet; and if 
in the other direction, the colours appear in the contrary 
order. 

The variety of striking effects produced by the polari- 
zation of light; the unexpected results which have 
vpnmfi from the investigation of the laws by which it 
is regulated ; and the singular beauty of many of ita 
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]^ieiioiiieii% hftTe made it one of the most attractive* 
subjects of modem scienoe. 

Oidmarj light parses throiigli traiispanmt liodieft 
nrhiiout produdng any verjr strikmg effecte ia its pas* 
sage; but this extraordinary beam of light kas the 
power oi insiouatiiig itself b^veea. the mokeules of 
bodies^ and by illuminating tiiem^ and giving tliem every 
variety of prismatic boe^ of enabling the eye to dete^ 
sometibing of tiie stnictnre of t^ mass* The chromatic 
phenom^ia of polariaed l^t are so striking, that mo 
description can oonvtey an ade^aate idea of their dia* 
naeter* 

Spectra more beautifdl and intense than liie {nis« 
matic image, — systems of rings &r excelling those of 
liiin plates, — and forms of tbe moat symmetric order, aie 
constantly presenting themselves, as the pokriaed ray is. 
passed through various transpar^it substances; the^ 
path of the ray indicating whether the crystal has bee&. 
formed round a single nucleus or axis, or whetiier it 
has beai produced by aggregation arouiud two axes. The 
coloured rings, and the dark or luminous crosses whksh 
d^tinguish the path of the pc^rixed i^y, are rei^ectively 
due to different states of tenskm amongst the partides, 
although those diSerences are so slight, that no atiaeat 
means is (^ suffident delicacy to detect the variation. 

Tiie poetry whidi surrounds these, in every way,myste* 
rious conditions of the solar beam, is such, that it is wiA. 
difficulty that imagination is restrained by the stem 
features of trath. The uses of this peculiar property ia 
great natural phenomena are not yet made known to 
us ; but, since we find on every side of us the natural 
conditions for thus s^mrating the beam of Ugfat, and 
eifecting its polarization, there must certainly be tsosae 
^ most important end for which it is designed 1^ Him 
who said, ^' Let there be li^tJ' 

It must not be fbi^tten that we have at <x>Bumid 
the meaaus of showing that the chromatie pheoMneBa of 
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polarized light are due to atomic arrangement* By- 
altering the molecular arrangement of transparent bodies^ 
either by heat or by mere mechanical pressure^ the un- 
equal tension or strain of the particles is at once indi- 
cated by means of the polarized ray 'of light and its 
rings of colour. Differences ih the chemical constitu- 
tion of bodies, too slight to be discovered by any other 
mode of analysis, can be most readily and certainly 
detected by this luminous investigator of the molecular 
forces.* 

, Although we cannot enter into an examination of all 
the conditions involved in the polarization of, and the 
action of matter on, ordinary light, it will be readily con- 
ceived, from what has beeen already stated, that some 
most important properties are indicated, beyond those 
which science has mside known. 

Almost every substance in nature, in some definite 
position, appears to have the power of producing this 
change upon the solar ray, as may be satisfactorily shown 
by^an^ them with a polarizing apparatusft The 
Ij atT^es furnishes polarized Sg£f whichL most 
intense where it is blue and unclouded, and the point of 
maximum polarization is varied accordmg to the relative 
position of the sun and the observer. A knowledge of 
this fact has led to the construction of a " Solar Clock,^^ J 

* On the Application of the Laws of Circular Polarization to the 
Researehes of Chemistry: by M. Biot. — Nouvelles Annales du 
Museum d'Histoire Naturelle, vol. iii., and Scientific Memoirs, 
vol. i. p. 600. On Circular Polarization: by Br. Leeson. — 
Memoirs of the Chemical Society. 

t In Sir David Brewster's Treatise On Optics, chap, xviii., On 
Polarization^ the best arrangements for a polarizing apparatus will 
be found described. 

t This beautiful application was recently made hf Professor 
Wheatstone, the particulars of which will be found in his interest- 
ing communication. — On a means of determining the apparent 
Solar Time hy the diurnal changes of the Plane of Polarization 
at the Northern Pole of the Sky: Beport of the Eighteenth 
Meeting of the British Association. 

' 1 
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with wbick tbe kono* can be readily determined by examin- 
ing ike polarized eondition of the sky. It has been stated, 
thaifc cfexDical change on the Dagn^reotype plates and on 
pikotographic papers m more readily produced by ike 
volaniaed thaa by the ordiiiary sunbeam.* If this &ct 

sten tonnurds the disGoverr so much desiderated of the 
p5 it play« in natural cSratioBS, 

The refined and accurate invest^tians of Dr. Fara* 
day stand prominently forvrard amid those which will 
redeem the present age from the chai^ of being super- 
. ficaJ, and thjey wiH^ throng all time^ be rtiertei to as 
iUsfllriciis csxamples of the influ^ice of a lo¥e of tnxkh. 
Sat trv&^a sake^ iu entire independence of the market- 
aUe Talue^ which it has been unfortunately too mudh 
the fashion to regard. The searching examinati<m maae 
V hy this '^ interpreter of nature ^^ into the phenonsena of 
t / \ electrieity in aU its fcoms^ has led him onward to trace 
\i' what comieadon^ if any^ existed between this great 
V natnral s^ent and the luminous principle. 

:^ enqyloying that subtile uialyzer, a p«ia«ned rnjr. 


./^ 


\ 




Ott the PoUrizatwm ^ tbe Ckemictil Rays ^ Light: by 
•loha Satberland, M.D., in which the author refers ta the follow- 
ing experiment of M. J. E, Berai'd— "I received tbe chemical 
rays directed* into the plane of tbe meridian on an unsilvered glass, 
under an incidence of 35" 61. The rays reflected by the first glass 
^mete^ received upon a sec<md, under the same incidntce. 1 found 
that wlittB this was turned towards the south, the muriate of ail^er 
expesed to the inviaiblo rays which it reSeded was darkeaed in 
less thttD half an hour ; whereas, when it was turned towards the 
west, the muriate of silver exposed in the place where tbe rays 
oi^fht to have heen xeHectBd; was not darkened, although it was 
lefi; ex|i08ed for two hours. It is eonaeqiieatly to he presoBUBd 
that the chemical rays can imdergo double refractioQ in traversing 
cevtaiat diaphanoiis bodies ; and lastly, we may say that they enjoy 
the some piiysical properties as light in generaL" — PhiLoeophieal 
Mflf^astaev THO^ xx. 

sk Lanon has stated that Dagu6Kreot]rpe mctttres earn betaksB 
nMsemdiiy uader the iafiuence of poiarized light, tkaa by 
naiy radiation. 
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I>r. FSnradaj has been enabled to detect and exnilHt \^^ 
^fects of a most startling character. He has proved 
magnetuon to have the power of infiuendng a ray of 
light in its passive through transparent bodies. A 
polarized ray is passed through a piece of glass or a 
crystal^ or along the length of a tube fiUed irith some 
transparent flnid^ and tibe line of its path car^iOy 
observed ; if, when this is done, the solid or finid body 
is brought under powerful mimetic inflnence, such as 
we have at command by making a very energetic Toltaie 
current circulate around a bar of soft iron, it wiQ be 
found that the polarized light is disturbed; that, indeed, it 
does not permeate the medium along the same line.* 
This effect is most strikingly shown in bodies of the 
greatest density, and diminished in fluids, the particles 
of whidi are easily movealde over each other, and has 
ndt hiiberiio been observed in any gaseous medimn. 

* Outie Magnehztction eflAgkt, andthelUnmvnatitm tif Ufagrutie 
Lmes ^fwtst. by Michael Faraday, D.C.L., F.R.S.~Pbilosopkieal 
Tnmsftetioiis, vol. cxxxvii.— The Mlowiog remarks are to the 

point of doubt referred to in the text. — " The magnetic forces do 
not act on the ray of light directly and without the intervention of 
matter, bat throngh the mediation of the substance in which they 
and the ray have a simultaueons existence ; the subetancea ana 
the ^Mces giving to and receivings from each other the power, of 
acting on the light This is shown hy the non-action of a vacuum, 
of air or gases, and it is also further shown by the special degree 
in which different matters possess the property. That magnetic 
tbrce acts upon the ray of light always with the same character c^ 
manner, and in &e same direction, independent of the difiSsremt 
varieties of substance, or their states ot solid or liquid, or their 
specific rotative force, shows that the magnetic force and the li^xt 
have a direct relation; but that substances are necessary, and that 
these act in different degrees, shows that the magnetism and the 
light act o& each other tbroi^h the intervention of the matter. 
BaeognisftBg or perceiviiig nmtter only by its powers, and knowtag 
nothuig of any imaginary nucleus abstract itom the idea a( them 
powers, the phenomena described must strengthen my inclination 
to trust in the views I have advanced in reference to its nature.** — 
F)[^. Mag. vol. Toiv. 
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The question, therefore, arises,— does ma^etism act 

directly upon the ray of light, or only indirectly, by pro- 

v^ V ducing a molecular change in the body through which 

K the ray is passing ? This question, so important in its 

bearings upon the connexion between the great physical 

^ powers, will, no doubt, before long receive a satisfactory 

reply. A medium is necessary to the production of the 
result, and, as the density of the medium increases, the 
effect is enlarged : it would therefore appear to be due 
to a disturbance by magnetic force of the particles 
which constitute the medium employed. 

Without any desire to generalize too hastily, we can- 
not but express a feeling, — amounting to a certainty ia 
our own mind, — ^that those manifestations of luminous 
power, connected with the phenomena of terrestrial 
magnetism, which are so evident in all the circum-- 
: ,4 stances attendant upon the exhibition of Aurora Borea* 
/yf-' lis, and those luminous clouds which are often seen^ 
independent of the Northern Lights, that a very inti- 
mate relation exists between the solar radiations and 
that power which so strangely gives polarity to thi» 
globe of ours. 

In connexion with the mysterious subject of solar 

light, it is important that we should occupy a brief 

space in these pages with the phenomena of vision, which 

is so directly dependent upon luminous radiation. 

/ The human eye has been rightly called the ^' master-^ 

^ piece of divine mechanism -/' its structure is complicated, 

yet all the adjustments of its parts are as simple as 
they are perfect. The eye-ball consists of four coats* 
The cornea is the transparent coat in front of the 
globe ; it is the first optical surface, and this is attached 
to the sclerotic membrane, fiUing up the circular aper- 
ture in the white of the eye ; the choroid coat is a very 
delicate membrane, lining the sclerotic, and covered 
with a perfectly black pigment on the inside ; and dose 
to this lies the most delicately reticulated membrane,. 


u^^ 
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Uie retina, which is, indeed, an extension of the optic 
nerve. These coats enclose three humours, — ^the aqueous, 
the vitreous, and the crystalline humours. > f <^' ' ^. 

The eye, in its more superficial mechanical arrange- //^^'^ 
ments, presents exactly the same character as a camera f' 
obscura, the cornea and crystalline lens receiving the 
images of objects refracting and inverting them ; but 
how infinitely more beautifrd are all the arrangements of • 
the organ of vision than the dark chamber of Baptista 
Porta !* The humours of the eye are for the purpose 
of correcting the aberrations of light, which are so 
evident in ordinary lenses, and for giving to the whole 
an achromatic character. Both spherical and chromatic 
aberration are corrected, the latter not entirely, and by » 
the agency of the cornea and the crystalline lens perfect 
images are depicted on the retina, in a similar way to 
those very charming pictures which present themselves 
in the table of the camera obscura. 

The seat of vision has been generally supposed to be 
the retina ; but Mariotte has shown that the base of the 
optic nerve, which is immediately connected with the 
retina, is incapable of conveying an impression to the 
brain. The choroid coat, which lies immediately behind 
the retina, is regarded by Mariotte and Bernoulli as the 
more probable seat of vision. The retina, being trans- 
parent, offers no obstruction to the passage of the light 
onward to the black surface of the choroid coat, from 
which the vibrations are, in all probability, communicated 
to the retina and conveyed to the brain. Howbeit, upon 
one or the other of these delicate coats a distinct image ^ : 

* The invention of the camera obscura certainly belongs to 
Giambattista Porta, and is described in bis Magim Naturalist sive 
de Miraculis Rerum Naturalivnij Libri Viginti; Antwerp, 1561. 
An English translation made in 1658 exists, but I have not seen 
it. 

Hooke, in one of the earliest volumes of the Philosophical Trans- 
actions, describes as new many of the phenomena mentioned by 
Porta, and particularly the images of the dark chamber. 
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is impressed hy light, and the oommimicatioa made 
-with, ihe brain possibly by a vibratory action. We m&y 
trace up the phenomena of vision to this point ; we may 
conodve undulations of light, diffe^ring in velocity and 
leiigthof wave, occasioning corresponding tremoiti in 
the neuralgic system of the eye ; but how these vil»ra- 
tions are to communicate ccnrect impressions of Iraagth^ 
breadtii, and thickness^ no one has yet undertaken t(> 
ex]^in. 

It has, however, been justly said by Herschel : — 

^^ It is the boast of science to have been able to trace 
so &r the refined contrivances of this most admiraUe 
organ, not its shame to find something still concealed 
from scrutiny; for, however anatomists maydifi^ on 
points of structure, or physiologists dispute on modes of 
action, there is that in what we do understand <rf the 
fiumaticm of the eye, so similar, and yet so infinitely 
superior to a product of human ingenuity ; such &ought, 
such care, such refinement, such advantage taken, of the 
pxop^iies of natural agents used as mere instruments 
fcr accomplishing a given end, as force up<m us a con-» 
viction of deliberate choice and premeditated design,^ 
more strongly, perhaps, dian any single contrivance to 
lie found whether in art or nature, and renders its study 
an object of the greatest interest,^^* 

Has the reader ever asked himself why it is, havings 
two eyes, and consequently two pictures produced upoa 
the tablets of vision, that we see only one object? Ac- 
cording to the law of visible direction, aU the rays pass- 
ing through the crystalline lenses converge to one pcmit 
upon the retina, — and as the two images are coincident 
and nearly identical, they can only produce the sensation 
of one upon the brain. 

When we look at any round object, as the ornamented 
moderator lamp before us, first with .one eye, and then 
with the other, we discover that, with the right eye, we- 

5H Herschel, On Lights — Encyclopaedia Metropolitana. 
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see most of ijie right-hand side of the himp^ and with ibe 
left eye more of the left-hand side. These two images 
are combined^ and we see an object which we know to< 
be round. ^ { t 

This is fllnstrated in a most interesting manner by 
the little (^tical instrument^ the Stereoscope. It consists 
either of two mirrors jdaced each at an angle of 45^^ or 
of two semi-lenses turned with their curved aides towards 
eaeh other. To view its phenomena, two pictures are 
obtained b j the camera ofoscura on photographic paper 
rf any object in two positions, corresponding witlithe 
eonditioDB of viewing it with the two eyes. By the 
mirrors or the lenses Ihese dissimilar pictures are com- 
bined within the eye, and the vision of an actually solid 
obgeot is {m>duced fixNn the pictures represented on a 
plane surface. Hence thq name of the instrument; 
whidli signifies. Solid I see. 

Analogy is often of great value in indicating the 
dbbneetion in which to seek for a truth ; but analogiisai 
evidlao.ce, unless where the resemblance is very stnkbag, 
fiiKnild be received with caution*. Mankind are so ready 
to leap to conclusions without the labour necessary for 
a fidthful elucidation of the truth, that too often a few 
points of resemblance are seized upon, and an inference 
is drawn which k calculated to mislead. 

There is an idea that tiie phenomena of sound bear a 
relation, to those of light, — ^that there exists a resen- 
bianoe between the diromatic and the diatonic scales. 
Sound, we know, is conveyed by the beatine of mataaal 

ear, whidi have been set in motion by some distant dis- 
turbance of the medium through whidi it passes. light 
has been supposed to act on the optic nerve in the same 
manner. If we imagine colour to be the result of vibra- 
tkms of different velocities and lengths, we can under- 
stand that under some of these tremors, first establifSied 
on the nerves, and through them conveyed to the brain. 
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sensations of pain or pleasure may result^ in the same 
way as sharp or subdued sounds are disagreeable or 
otherwise. Intensely coloured bodies do make an im* 
pression upon perfectly blind men; and those who, 
being bom bhnd^ know no condition of light or colour, 
will point out a difference between strongly illuminated 
red and yellow media. When the eyes are closed we 
are sensible to luminous influence, and even to differ* 
ences of colour. We must consequently infer that Ught 
produces some peculiar action upon the system of nenres 
in general ; this may or may not be independent of the 
chemical agency' of the solar radiations ; but certainly 
the excitement iis not owing to any calorific influence. 
The system of nerves in the eye is more delicately 
orgSLDized, and of course peculiarly adapted to all the 
necessities of vision. 

Thus far some analogy does appear to exist between 
light and sound ; but the phenomena of the one are so 
much more refined than those of the other — the 
impressions being all of them of a £ar more comi^cated 
character, that we musfnot be led too fax by the analo* 
gical evidence in referring Ught, like soimd, to mere 
material motion. 

It was a beautifdl idea that real impressions of ex- 
ternal objects are made upon the seat of vision, and that 
they are viewed, as in a picture, by something behind 
the screen, — ^that these pictures become dormant, but 
are capable of being revived by the operations of the 
mind in pecuHar conditions ; but we can only regard it 
as a philosophical speculation of a poetic character, the 
truth or falsehood of which we are never likely to be 
enabled to establish.* 

* " I would herb observe that a consideration of many such 

Ehenomena (the obliteration and revival of photographic di'awings) 
as led me to regard it as not impossible that the retina itself may 
be photographically impressed by strong light, and that some at 
least of the phenomena of visual spectra and secondary colours 
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That which sees will never itself be visible. The 
secret principle of sensation^ — the mystery of the life 
that is in us, — ^will never be unfolded to finite minds. 

Numerous experiments have been made from time to 
time on the influence of light upon animal life. It has 
been proved that the excitement of the solar rays is too 
great for the healthftd growth of young animals ; but, 
at the same time, it appears probable that the develop- 
ment of the functional organs of animals requires, in 
some way, the influence of the solar rays. This might, 
indeed, have been inferred from the discovery that 
animal life ceases in situations from' which light is 
absolutely excluded. The instance of the Proteus of the 
Ulyrian lakes may appear against this conclusion. This 
remarkable creature is found in the deep and dark 
recesses of the calcareous rocks of Adelsburg, at Sittich ; | ' " * fj 
and it is stated, also in Sicily, and in the Mammoth caves 
of Kentucky. Sir Humpluy Davy describes the Proteus 
anguinus as ^^ an animal to whom the presence of light 
is not essential, and who can live indifferently in air and 
in water, on the surface of the rock, or in the depths of 
the mud.'* The geological character of rocks, however, 
renders it extremely probable that these animals may 
have descended with the water, percolating through 
fissures from very near the surface of the ground. All 
the facts with which science has made us acquainted — 
and both natiural and physical science has been labour* 
ing with most untiring industry in the pursuit of truth 
— ^go to prove that light is absolutely neccessary to 
oi^anization. It is possible the influence of the solar 
radiations may extend beyond the powers of the human 
senses to detect luminous or thermic action, and that 

may arise from the sensorial perception of actual changes in pro- 
gress in the physical state of that organ itself subsequent to the 
cessation of the direct stimulant." — On the action of the Rays qf 
the Solar Spectrum on Vegetable Colours^ ^c. : by Sir J. F. W. 
Herschel, Bart. 
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consequently a development (^ animal and v^etable 
lunns may occur -where the human eye can detect no 
light ; and under such conditions the Proteus may be 
produced in its cavernous abodes^ and also those creatures 
which live buried deep in mud. Some further con- 
sideration of the probable agency of Ught will occupy us^ 
when we come to examine the phenomena of vital 
farces. 

Light is essentially necessary to vegetable life ; and 
to it science refers the powers which the phint possesses 
of separatine: carbon from the air breathed by the 
lea^ and Lreting it within its tiBsoes for tli p«r. 
pose of adding to its woody stnicture. As, however^ 
we have, in the growing plant, the action of several 
physical powers exerted to different ^ids at Ihe same 
tune, the remarkaUe facts which connect th^nselves 
with vegetable ch^nistry and physiology are deferred for 
a separate examination. 

The power of the solar rays to produce in bodies tiiat 
peculiar gleaming light which we call phosphorescence, 
and the curious conditions under which th^ phenome- 
non is sometimes af^parent, independent of the sun's 
direct influence, present a very remarkable chapter in 
ilie science of luminous powers. 

The pho^oresoence of animals is amongi^ the most 
sur^srising of nature^s phenom^ia;, and it is not the 
less so from our almost entire ignorance of the cause of 
it. Many very poetical fancies have been ajq>lied in 
description of Ui^se luminous creations ; and imagina- 
tion has found reason why they should be gifted with 
tiiese exlTaordinaay powers, llie glow-worm lights her 
lamp to lure her lover to her bower, and the luminoua 
animalcules of the ocean are employed in lighting up 
the fathomless depths where "Ae sun's rays cannot 
penetrate, to aid its monsters in flieir search for prey. 
'* The lamp of love — ^the pharos — ^the telegraph of the 
night, — ^which scintillates and marks, in the silence of 


FHOSFHOES8CSNCE OF ANIMALS^ 153- 

darkness^ the spot appointed for the lover^s rendezvous^^^^^ 
is but a pretty fiction ; for the glow-worm shines in its- 
infant state^ in that of the larva, and when in its aurdian 
condition. Of the dark depths of the ocean it may be 
safely affirmed that no organized creation liyes or 
moves in its grave-like silence to require this fairy aid. 
Fiction has frequently borrowed her creations from 
science. In these cases science appears to have made 
free with the rights of fiction. 

Hie glow-worms {lampyris noctilucd), it is well known^ 
have the power of emitting from their bodies a beautifrd 
pale bluish-white light, shining during the hours of 
night in the hedge-row, like crystal spheres. It appears, 
from the observations of naturalists, that these insects 
never exhibit their light without some motion of the 
body or legs; — from Ihis it would seem Uiat the 
phosphorescence was dependent upon nervous action,, 
regulated at pleasure by the insect ; for they certainly 
hsLYR the power of obscuring it ^itirely. If the glow- 
worm is crushed, and the hands or fiace are rubbed with 
it, luminous streaks, similar to those produced by 
nhofiphorus, appear. They shine with greatly increased 
brilliancy in oxygen gas and in nitrous oxide. From, 
these &cts may we not infer that the process by which 
this luminosity is produced, whatever it may be, has a 
strong resemblance to that of respiration ? 

There are several varieties of files, and three species of 
beetles of the genus Elater, which have the power of 
emitting luminous rays. The great lantern-fly of South 
America is one of the most brilliant, a single inaeet 
giving sufficient light to enable a person to read. In 
Surinam a very numerous class oi these insects are 
finrnd, which often illuminate the air in a remarkable 
manner. In some of the bogs of Ireland a worm exists- 
which gives out a bright green light; and there are- 

* Dumeril. 
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many other kinds of creatures which, under certain 
circumstances, become luminous in the dark. This is 
always dependent upon vitality ; for all these animals^ 
when deprived of life, cease to shine. 

At the same time we have many very curious 
instances of phosphorescence in dead animal and 
vegetable matter; the lobster among the Crustacea, and 
the whiting among fishes, are striking examples; 
decayed wood also emits much light under certain con- 
ditions of the atmosphere. This development of light 
does not appear to be at all dependent upon putrefac- 
tion J indeed, a» this process progresses, the liuninosity 
diminishes. We cannot but imagine that this light is 
owing, in the first place, to direct absorption by, and 
fixation within, the corpuscular structure of those bodies, 
and that it is developed by the decomposition of the 
particles under the influence of our oxygenous atmos- 
phere. 

The pale light emitted by phosphorus in .the dark is 
well known ; and this is evidently only a species of slow 
combustion, a combination of the phosphorus with the 
oxygen of the air. Where there is no oxygen, phospho-^ 
rus will not shine ; its combustion in chlorine or iodine 
vapour is a phenomenon of a totally different character 
from that which we are now considering. This phos- 
phorescence of animal and vegetable matter has been 
regarded as something different from the slow combus- 
tion of phosphorus; but, upon examination, all the 
chemical conditions are found to be the same, and it is 
certainly due to a similar chemical change. 

The luminous matter of the dead whiting or the 
mackerel may be separated by a solution of common 
salt or of sulphate of magnesia ; by concentrating these 
solutions the light disappears ; but it is again emitted 
when the fluid is diluted. The entire subject is, how- 
ever, involved in the mystery of ignorance, although it 
is a matter quite withm the scope of any industrious 
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observer. The self-emitted light of the carbuncle of the 
lomancer is realized in these remarkable phenomena. 

The phosphorescence of some plants and flowers is 
not, perhaps, of the same order as that which belongs to 
either of the conditions we have been considering. It 
appears to be due rather to an absorption of light and 
its subsequent liberation. If a nasturtium is plucked 
during sunshine, and carried into a dark room, the eye, 
after it has reposed for a short time, will discover the 
flower by a light emitted &om its leaves. 

The following remarkable example, and an explana- 
tion of it by the poet Goethe, is instructive : — 

"On the 19th of June, 1799, late in the evening, 
when the twilight was deepening into a clear night, as I 
was walking up and down the garden with a Mend, we 
very distinctly observed a flame-like appearance jiear 
the oriental poppy, the flowers of which are remarkable* 
for their powerful red colour. We approached the place, 
and looked attentively at the flowers, but could perceive 
nothing further, till at last, by passing and repassing^ 
repeatedly, while we looked side-ways on them, we suc- 
ceeded in renewing the appearance as often as we 
pleased. It proved to be a physiological phenomenon, 
and the apparent corruscation was nothing but the 
spectrum of the flower in the complementary blue-green 
colour. The twilight accounts for the eye being in a 
perfect state of repose, and thus very susceptible, and 
the colour of the poppy is sufficiently powerful in the 
summer twilight of the longest days to act with fall 
effect, and produce a complementary image/^* 

The leaves of the <Bnothera macrocarpa are said to 
exhibit phosphoric light when the air is highly charged 
with electricity. The agarics of the olive-grounds of 
Montpelier have been observed to be luminous at night 5 
tut they are said to exhibit no light, even in darkness,. 

* Theory of Colours : by Goethe; translated by Eastlake. 
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jiHBrmff the dap. The sul^rraneaa passages of the coal 
mines near Dresden are illuminated by the phospho- 
jreaorait light of the rhizomorpha phospkorem9y a peculiar 
fdngoft* On the leaves of the Pindoba palm^ a qpeeies 
c^agarie grow» which is exceedingly Inminoos at night ; 
and many varieties of the lichens/ creeping along the 
Toolk of caverns^ lend to them an air of enchantment by 
the soft and dear light which they diflPose. In a small 
-CKve near Penryn^ a luminous moss is abundant ; and it 
is also found in the mines of Hesse. According to 
Heinzmann, the rhizomorpha subterranea and oiduhB 
are also pho^horescent. 

It is but lately that a plant which abounds in the 
jungles in the Madura district of the East Indies was 
sent to this country, which^ although dead^ was 
remarkably pho^f^ioresc^it ; and^ when in the limig 
state, the light which it emitted was extraordinarily 
vivid, illuminating the ground for some distuioe. 
Tfc«e wmarkabfe effecte may be due, in some cases, to 
the aeforation of phosphuretted hydrogen from decmn- 
posing matter^ and, in others, to some peculiar dectric 
manifestation. 

The phoi^cnreacence of the sea, or that ccmditioii 
called l^ fidiermen brimp, when the sinrfaoe, bring stru^ 
by an oar, or the paddle-wheels of a steamer, gives out 
large quantities of hght, has been attributed to the pre- 
senceof myriadfi of minute insects which have the power 
of eraitthig light when irritated. The n^ht-shining 
nereia {Nereis nociUmca) emits a light of great brillianqr, 
as do sev^al kinds of Ute m<dlusca. The nereides 
attaiA themselveB to the scales of fishes, and thns 
&ei|aaitly render ti^m exceedBngly luminous. Some 
of 1^ crustaoeae possess the saseie remarkaUe property ; 
— i»^e diffiranent species of eaneer were taken up hf 
the naturalists of the Zaire in the Gulf of Guinea.^ The 
cancer fulgens, discovered by Sir Joseph Banks, is 

* See Tackej's Nanativa oi tbe ExpeflUtkoi of tbe Zaire. 


PHOSPHORESCENCE OF THE SEA. 159 

enaUed to illumiiiate its wli(de body^ and emits vivid 
fladies of light. Many of the medusae also exhibit 
powerfol pho6{^rescence.* These noctiluooiia creatures 
are^ many of them^ exceedingly minute^ several thou- 
sands being found in a tea-cup of sea wat^. They float 
near tiie su[r&oe in countless myriads^ and wh^ dis- 
turbed they give out brilliant scintillations^ often leaving 
a train of light behind them.f By miscroscopic ex- 
amination no other hct has been elicited than that these 
minute beings contain a fluid which^ when squeezed out, 
leaves a line of light upon the surface of water. The 
appearance of these creatures is almost invariably on the 
«ve of some change of weather, which would lead us to 
suppose that their luminous phenomena must be con- 
nected with electrical excitation; and oi this, the 
investigations of Mr. C. Peach, oi Fowey, communicated 
to the British Association at Krmingham, furnish the 
most satisfactory pro(tfs we have as yet obtained. 

Benvenuto Cellini give a curious account of a car- 
buncle which shone with great brilliancy in the daik.{ 
The same thing: has been stated of the diamond ; but it 
appears to be necessary to procure these emissions of 
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The most complete examination of this subjoct will be found 
in two Memoirs : — 

1. EstperimenU a»A •biervatioms mi the h§kt mkieh it spfrntameousiu 
emitted wthMome degree ef ptrmonency from wiriima Mie$. — 2\mL 
Trans., vol. xc 

3. A cowtinMatkm of the above, with iome experimeutg and oiser- 
vatioms on solar liyhi^ when imbibed by C miens phosphorae : bj 
Nathani^ Huho, M.D. — Phil. Trana, vol. xei. ; «ad in the <^fo<M^ 
praj^ of the Rritieh Nahede^ Medmem, by Professor Edward 
Forbes (published for the Bay Soeietj). See Wilson's note to the 
account of Pentudata phoepkorea itt Johnston's Zoophytes, 2nA 
edition. 

f. A Gemeral OuiUne qfthe Jmmtd Kiagdom : by ThomaaEymer 
Jones, F.luSw— Aealephtt, p. 64. Lettre d M. Dtmot jmt la n&t- 
phoreeeemee desVers busanU: par IL Ch. MattenccL — Annales de 
Ohiaiie. toL ix. p. 71, 184S. 

; Memoirs <^ BemoemwiQ Caimir—Bohiie SUmdm-d Lihrar^. See 
also his Treatise •& his Art as a Sculptor and Engraver. Fltoratoe^ 
J 068. 4to. 
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ligM^ that the minerals should be iii^st warmed near a 
a fire. From this it may be infered that the luminous 
appearance is of a similar character to that of fluor 
spar, and of numerous other earthy minerals, which, 
when exposed to heat, phosphoresce with great brilliancy. 
Phosphorescent glow can also be excited in similar 
bodies by electricity, as was first pointed out by Father 
Beccaria, and confirmed by Mr. Pearsall.* These 
effects, it must be remembered, are distinct &om the 
electric spark manifested upon breaking white sugar in 
the dark, or scratching sulphuret of zinc. 

In the instances adduced there is not necessarily any 
exposure to the sunshine required. It is probable that 
two, if not three, distinct phenomena are concerned in 
the cases above quoted, and that all of them are distinct 
from animal phosphorescence, or the luminous appear- 
ance of vegetables. They, however, certainly prove, 
either that fight is capable of becoming latent, or that it 
is only a condition of matter, in which it may be made 
manifest by any disturbance of the molecular forces. 

* Phosphorescence of the Diamond: by M. Eeiss (Revue Scien- 
tifique et Industxielle, vol. xxiii. p. 185). — " The diamond, phos- 
phorescent by insulation, lost rapidly its phosphorescence when 
submitted to the action of the red rays of the solar spectrum. 
On the contrary, the blue rays are those which render the diamond 
the most luminous in the dark. It is probable that the phospho- 
rescence produced by heat is equally diminished by the action of 
the red rays of the solar spectrum." Giovanni Battista Beccaria 
published his experiments in 1769. See Priestley's History of 
Electricity ; and On the Effects of Electricity upon Minerals which 
are Phosphorescent by Heat ; and Further Experiments on the com- 
mumieaHon of Phosphorescence and Colour to bodies of Electricity ; 
by Thomas J. Pearsall. — Journal of the Eoyal Institution of 
Great Britain, Oct. 1830, Feb. 1831. — These two memoirs contain 
the most complete set of experiments on this subject which have 
yet been made ; see Placidus Heinrichj Phosphorescenz der Korpery 
vol. iv. ; Gmelin's Handbuch der Chemie^ part 1.; — On the Phos- 
phorescence of Minerals, Brewster : Edinburgh Philosophical 
Journal, vol. i. p. 187.; — The d'erial NoctUuca, or some New 
Phenomena^ and a process of a factitious self -shining substance r 
Boyle's Works, vol. iv. 
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We liaye^ in answer to tliis^ very distinct evidence that 
some bodies do derive this property from the solar rays. 
Canton's phosphoms^ which is a sulphnret of caldnm^ 
will^ having been exposed to the snn^ continue Inminons 
for some time after it is carried into the dark ; as will 
also the Bolc^nian stone^-r-a sulphnret of barium. This 
result appears to be due to a particular class of the solar 
rays ; for it hiCs been founds if tiiese sulphurets^ spread 
smoothly on paper^ are exposed to the influence ^ the 
solar spectrum for some little time, and then examined 
in the dark, that luminous spaces appear, exactly cor- 
responding with the most refrangible rays, or thiose 
which excite chemical change ; and one vei^ remarkable 
&ct must not be foi^otten — ^the dark rays of the spec- 
trum beyond the violet produce a lively phosphorescence, 
which is extinguUhed by the action of the rays of least 
refrangibihty, or tiie heat rays — ^whilst artificial heat, 
sudi as a warm iron, produces a very considerable 
elevation of the phosphorescent effect.^ It is not impro- 
bable, that the fluorescent rays of Mr. Stokes may be 
materially concerned in producing the phenomena of 
phosphorescence : experiments are, however, required to 
prove this. 

In these allied phenomena we have effects which are 
evidently dependent upon several dissimilar causes. 
The phosphorescence of the living animal is due, with- 
out doubt, to nervous excitation : that of the living 
y^etable to solar luminous influence ; and in the case 
of the mosses of caverns, &c. to the chemical agency of 
the sun's rays, which appears to be capaUe of con- 
duction. In the dead oiganic matter we have a purely 
chemical action developing the light, and in the inor- 

* Dn BffetM prodmts sur lea corps par Us Rayons tSolaires: 
par M. EdmondBecquereL— Annales de Chimie, voh ix. p. 257. 
1843. 

M. Becquerel has applied the tenn phosphorogenique to those. 
rays producing phosphorescence. 
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ganic bodies we have peculiar molecular constitution^ by 
which an absorption of light appears to take place. 

The subject is one of the greatest difficulty; the 
torch pf science is too dim to enable us to see the causes 
at work in producing these marvellous effects. The 
investigation leads^ to a certain extent^ to the elucida- 
tion of many of the secrets of luminous action ; and the 
determination of the question^ whether light is an 
emanation from the sun^ or only a subtile principle 
diffused through ail matter^ which is excited by solar 
influence^ is intimately connected with the inquiry. 

It has been stated that matter is necessary to the 
development of light ; that no luminous effect would he 
produced if it were not for the presence of matter. Of 
this we not only have no proof, but such evidence as we 
have is against the position. There is no loss of light in 
the most perfect vacuum we can produce by any artificial 
means, which should be the case if matter was concerned 
in the phenomena of light, as a cause. 

Colour is certainly a property regulated by material 
bodies ; or rather, the presence of matter is necessary to 
the production of colour. Chlorine gas is a pale yellow, 
and nitrous vapour a yellowish red. These and one or 
two other vapours, which are near the point of con- 
densation into fluids, are the only coloured gaseous or 
vaporiform bodies. The sky is blue, because the 
material particles of the atmosphere reflect back the 
blue rays. But we have more practical illustrations 
than this. The flame of hydrogen burning with oxygen 
gives scarcely any light; allow it to impinge on lime, a 
portion of which is carried off by the heat of the flame, 
and the most intense artificial light with which we are 
acquainted is produced. Hydrogen gas alone gives a 
flame in which nearly all but the blue rays are wanting : 
place a brush of steel or asbestos in it, and many of the 
other rays are at once produced. An argand lamp, and 
more particularly the lamp in which camphine— a 
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purified turpentixiej — ^is burnt, giyes a flame wliich emits 
most of the rays found in sunlight. Spirit of wine 
mixed with water, wanned and ignited, gives only yellow 
rays ; add nitrate of strontian and they become red ; but 
nitrate of barytes being mixed with the fluid, they are 
changed to green and yellow ; salts of copper afford fine 
blue rays, and common salt intense yellow ones. Many 
of these coloured rays and others can be produced in 
great power by the use of various solid bodies introduced 
into flame. This has not been sufficiently pointed out 
by authors; but it is clear from experiments that light 
requires the presence of matter to enable it to diffuse its 
coloured glories. How is it that the oxygen and 
hydrogen flame gives so little lights and with a solid 
body present, pours forth such a flood of brilliancy ? 

The production of artificial light by electrical and 
ebemidd agencies will necessarily find some consideration 
under their respective heads. There are numerous 
phenomena which connect themselves with luminous 
power, or appear to do so, which, in the present state of 
our knowledge, cannot come immediately imder our 
attention. We are compelled to reserve our limited 
space for those branches of science which we are enabled 
to connect with the great natural operations constantly 
going on around us. Many of these more abstruse 
results will, however, receive some incidental notice 
when we come to examine the operation of the combined 
physical forces on matter. 

We see in light a principle which, if it has not its | 
source in the sun, is certamly dependent upon that 
luminary for its manifestations and powers. IVom that 
'' fomitain of light '^ we find this principle travelling to 
us at a speed which almost approaches the quickness of 
thought itself 3 yet by the refinements of science we 
have been enaUed to measure its velocity with the 
utmost accuracy. The immortal poet of our own land 
-and language, in his creations of Ariel, that 5^ tricksy 
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spirit,*' who could creep like mnsic upon the waters, and 
of the fantastic Puck, who could girdle the earth in 
thirty minutes, appears to have approached to the 
/highest point to which mere imagination could carry the 
v/ human mind as to the powers of things ethereal. 
Science has, since then, shown to man that this " spirit^ 
fine spirit/' was a laggard in his tasks, and a gross piece 
of matter, when compared with the subtile essences^ 
whidi man, like a nobler Prospero, has now subdued to 
do him service. 

Light is necessary to life; th«^ world was a dead 
chaos before its creation, and mute disorder would again 
be the consequence of its annihilation. Every charm 
which spreads itself over this rolling globe is directly 
dependent upon luminous power. Colours, and pro- 
bably, forms, are the result of light ; certainly the con* 
sequence of solar radiations. We know much of the 
mysterious influences of this great agent, but we know 
nothing of the principle itself. The- solar beam has^ 
been tortured through prismatic glasses and natural 
A crystals; every chemical agent has been tried upon it, 
\ t/ every electrical force in the most excited state brot^ht 
to bear upon its operations, with a view to the discovery 
of the most refined of earthly agencies ; but it has passed 
through every trial without revealing its secrets, and 
even the eflfects which it produces in its path are tmex- 
plained problems, still to tax the intellect of man. 

Every animal and every plant alike proclaim that life 
and hJlth are due to HgLt ; and even the crystallizing^ 
forms of inorganic matter, by bending towards it, con- 
fess its aU-prevailing sway. From the sun to each 
planet revolving around that orb, and to the remotest 
stars which gleam through the vast immensity of heaven, 
we discover this power still in its brightness, giving 
beauty and order to these unnumbered creations, no 
less completely than to this small island of the unirerse 
which we call our Earth. Through every form of matter 
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-we can mark its power, aad from all, we can, under cer- 
tain conditions, evoke it in lustre and activity. Over all 
and through all light spreads its ethereal force, and mani- 
fests, in all its operations, powers which might well exalt JK 
the mind of Plato to the idea of an omniscient and omni* / 
present Grod. Science, with her Ithuriel wand, has, how- ;^ 
ever, shown that light is itself the effect of a yet more ""v 
exalted cau3e, which we cannot reach. 

Indeed, the attentive study of the line abstractions of '^ 
science lifts the mind from the grossuess of matter, step 
by step, to the refinements of immateriality, and there 
4ippear, shadowed out beyond the physical forces which 
man can test and try, other powers stiU ascending, untU 
they reach the Source of every good and every perfect J 
.gift. 
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CHAPTER VIII. 

ACTINISM — CHEMICAL RADIATIONS. 

The- Sun-ray and its Powers — Darkening of Horn Sllver-*- 
Niepee's Discovery — Prismatic Spectrum — Refrangibility of 
Light, Heat, and Actinism — ^Daguen-e's Discovery — Photo- 
graphy — Chemical Effects produced by Solar Eadiations — 
Absorption of Actinism — Phenomena of the Daguerreotype 
— Chemical Change pr<5duced upon all Bodies— Power of 
Matter to restore its Condition — Light protects from Gh6» 
mical Change — Photographs taken in Darkness — Chemical 
Effects of Light on organized Forms — Chemical Effects of 
Solar Heat— Influence of Actinism on Electricity — Radia- 
tions in Darkness— poser's Discoveries, &c. 

Heat and light are derived from the sun, and we have 
attempted to show, not only that the phenomena of 
these two principles are different, but that they can 
scarcely, in the present condition of our knowledge, be 
regarded as modified manifestations of one superior 
power. Associated with these two remarkable elements,, 
others may exist in the solar rays. Electrical pheno- 
mena are certainly developed by both heat and light, 
and peculiar electric changes are produced by exposure 
to sunshine. Electricity may be merely excited Jbj the 
solar rays, or it may Jiow like light from the sun. 
Chemical action may be only due to the disturbance of 
some diffused principle ; or it may be directly owing to 
some agency which is radiated at once from the sun. 

A sun ray is a magical thing : we connect it in our 
fancy with the most ethereal of possible creations. Yet 
in its action on matter it produces colour ; it separates- 
the particles of solid masses farther fit)m each other,. 
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and it breaks up some of the strongest forces of chemi- 
cal affinity. To modem science is entirely due the 
knowledge we have gained of the marvellous powers of 
the sunbeam; and it has rendered us familiar with 
phenomena, to which the incantation scenes of the 
Cornelius Agrippas of the dark ages were but ill-con- 
trived delusions, and their magic mirrors poor instru- 
ments. The silver tal^ets of the photographic artist 
receiving fixed impressions of the objects represented in 
the dark chamber by a lens, are far superior as ex- 
amples of natural magic. 

In the dark ages, or rather as the earliest gleams of 
the bright morning of inductive research were dis- 
pelling the mists of that phantom-peopled period, it was 
observed, for the first time, that the sun^s rays turned a 
white compound black. Man must have witnessed, long 
before, that change which is constantly taking place in 
all vegetable colours : some darkening by exposure to 
sunlight, while others were bleached by its influence. 
Yet those phenomena excited no attention, and the 
world knew nothing of the mighty changes which were 
constantly taking place around them. The alchemists 
— sublime pictures of credulous humanity — ^toiling in 
the smoke of their secret laboratories, waiting and 
watching for every change which could be produced by 
fire, or by their " royal waters,^^ caught the first faiat 
ray of an opening truth; and their wild fancy,, that 
light could change silver into gold, if they but succeeded 
in getting its subtile beams to interpenetrate the metal, 
was the clue aflforded to the empirical philosopher to 
guide him through a more than Cretan labyrinth.* 

* See Researches on Light, by the Author. — Reference to any of 
the works of the alchemists will prove the prevalence of the idea 
expressed in the text. We find that gold was considered to be 
always under the influence of light and solar heat. — " It is said of 
gold that it waxeth cold towards daylight, insomuch that they who 
wear rings of it may perceive when the day is ready to dawn." — 
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The first fact recorded upon this point was^ that horn 
silver blackened when exposed to me light. Without 
doubt many anxious thoughts were given by these 
alchemists to that fietct. Here was^ as it appeared^ a 
mixing up of light and matter, and behold the 
striking change ! It was a step towards the realization 
of Aeir dreams. Alas ! poor visionaries ! in pursuing 
an ideality they lost the reality which was within their 
grasp. 

TWths come slowly upon man^ and long it is before 
these angel visits are acknowledged by humanity. The 
world dings to its errors^ and avoids the truths lest its 
light should betray their miserable follies. 

At length a .man of genius announced that ^' No sub* 
stance can be exposed to the sun^s rays without under* 
ffoing a chemical change;" but his words fell idly upon the 
ear. His friends look^ upon his light-produced pictures 
as singular ; they preserved them ' in their cabinets of 
cariosities ; but the truths which he enunciated were 
soon forgotten. Howbeit his words were recorded^ and 
it ia due to. the solitary experimentalist of Chabns on 
the Saone, to couple the name of Niepce with the dis- 
ooveiy of a fact which is scarcely second to the develop- 
ment of the great law of universal gravitation.* But 
an examination awaits us^ whichj for its novelty^ has 
more charms than most branches of science^ and which, 
for the extensive views it opens to the inquirer, has an 
interest in nowise inferior to any other physical investi* 
gation. 

The prismatic spectrum affords us the means of ex- 
amining the conditions of the solar rays with great 

iSpecuhm Mtmdi, or a Glass representing the face txf the World. 
Cambridge, 1643. 

* Daguerre's Report to the Academy of Sciences : La Dagner- 
riotype Historique, et description des proddis dm Daguerreotype et 
du Diorama (PariSi 1839) ; particularly the description of He/tb- 
grapihy, by M. Niepce. See also the lettere by Niepce» published 
for the first time in Researches on Light. 
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-facility. In bending the ray of white light out of its 
path, by means of a triangular piece of glass^ we divide 
it in a remarkable manner. We learn tnat heat is less 
refracted by the glass than the other powers ; we find 
the maximum point of the calorific rays but slightly 
thrown out of the right line^ which the solar pencil would 
have taken, had it not been interrupted by the prism ; 
and the thermic action is found to diminish with much 
regularity on either side of this line. We discover that 
the luminous power is subject to greater refraction, and 
that its maximum lies considerably above that of heat ; 
and that, in like manner, on each side the light 
diminishes^ producing orange^ red, and crimson colours 
below the maximum point, and green, blue, and violet 
above it. Again, we find that the radiations which 
produce chemical change are more refrangible Aaa 
either of the others, and the maximum of tins power is 
found at the point where light rapidly diminishes, and 
where scarcely any heat can be detected : it extends in 
foU activity, L7e its nuaimmn, to a considerable dis- 
tance, where no trace of light under ordmary conditions 
exists, and below that point, until light, appearing to 
act as an interfering agent, quenches its peculiar pro- 
perties. These are strong evidences that light and 
aciinismss this principle has been named — are not 
identical : and we may separate them most easily and 
effectually from each other. Certain glasses, stained 
dark blue, with oxide of cobalt, admit scarcely any 
light; but they offer no interruption to the passage of 
actinism or the chemical rays; on the contrary, a pure 
yellow glass, or a yellow fluid, which does not sensibly 
reduce the intensity of any one colour of the chromatic 
band of luminous rays, completely cuts off this chemical 
principle, whatever it may be. In addition to these, 
there are other results which we shall have to describe, 
which prove that, although associated in the solar beam, 
light and actinism are in constant antagonism. 
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When Daguerre first published his great discoverr^ 
the European public regarded his metal tablets with 
feelings of wonder : we have grown accustomed to the 
beautifiil phenomena of this art^ and we have become 
acquainted with a number of no less beautiful processes 
on paper^ all of which^ if studied aright^ must convince 
the most superficial thinker^ that a world of wonder lies 
a little beyond our knowledge, but within the reach of 
industrious and patient research. Photography is the 
name by which the art of sun-painting will be for ever 
known. We regard this as unfortimate, conveying as it 
does a false idea, — ^the pictures not being liyht'drawn. 
Could we adopt the name given by Niepce to the pro- 
cess, the diflSculty would be avoided, since Heliography 
involves no hypothesis, and strictly tells the undeniable 
truth, that our pictures are sun-drawn. That pictures 
can be • produced by the rays from artificial sources, 
presents no objection to this; these rays were still 
originally derived from the sun. 

By whatever name we determine to convey our 
ideas of these phenomena, it is certain that they involve 
a series of effects which are of the highest interest to 
every lover of nature, and of the utmost importance to- 
the artist and the amateur. By easy manipulation we 
are now enabled to give permanence to the charming 
pictures which are produced by means of that pleasing 
invention of Baptista Porta, the Camera Obscura. Any 
image, which being refracted by the lens of this instru- 
ment falls upon the table in its dark chamber, may be 
secured with its most delicate gradations of shadows, 
upon either a metallic or a paper tablet. 

But let us proceed to the examination of a few of the 
more striking phenomena of these chemical changes. 
To commence with some of the more simple but no less 
important results. 

Chlorine and hydrogen will not unite in darkness, 
nor will chlorine and carbonic oxide; but, if either of 
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those gaseous 'mixtures is exposed to sunshine, they 
combine rapidly, and often with explosion. A solution 
of the sulphate of iron in ordinary water may be pre- 
served for a long time in the dark without undergoing 
any change ; expose it to the sunshine, and a precipita- 
tion of oxide of iron is very rapidly produced. The 
mineral chameleon, the manganesiate of potash in solu- 
tion, is almost instantly decomposed in daylight ; but it 
is a long time before it undergoes any change in dark- 
ness. The same thing occurs with a combination of 
platinum and lime : indeed, it appears that precipi- 
tation is at all times, and under all circiunstances, 
accelerated by the solar rays. As these predpitationsr 
are in exact agreement with the quantity of actinic 
radiation to which the solutions have been exposed, we 
may actually weigh off the relative quantities, represent- 
ing in grains the equivalent numbers to the amoimt of 
actinism which has influenced the chemical compound.* 

* ** If a solution of peroxalate of iron be kept Id a dark place, 
or if it be exposed to 212' of Fahr. for several hours, it does not 
undergo any sensible change in its physical properties, nor does it 
exhibit any phenomenon which may be considered as the result of 
any elementary action. 

" If, however! it be exposed to the influence of solar light in 
a glass vessel provided with a tube, the concentrated solution of 
oxalate of iron soon presents a very interesting phenomenon: in 
a short time the solution receiving the solar rays, developes an 
infinite number of bubbles of gas, which rise in the liquor with 
%creasing rapidity, and give the solution the appearance of a 
syrup undergoing' strong fermentation. This ebullition always 
becomes stronger, and almost tumultuous, when an unpolished 
glass tube is immersed in it with a small piece of wood ; the- 
nquiditaelf is afterwards thrown into ascending and descendin 
currents, becomes gi*adually yellowish, turbid, and eventually 
precipitates protoxalate of iron, in the form of small brilliant 
crystals of a lemon-yellow colour, gas continuing to evolve." 
Chemical action of light and formation of Humboldtine by it; 
Phil. Mag., 1832, second series. — "When a solution of plati- 
num in nitro-muriatic acid, in which the excess of acid has been 
neutralized by the addition of lime, and which has been well cleared 
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We have evidence which appears to prove that this 
chemical agent may be absorb^ by simple bodies^ and 
that by this absorption an actual change of condition is 
produced^ in many respects analogous to those allotropic 
<;hanges which we have previously considered. Chlorine^ 
in its ordinary state^ does not combine with hydrogen in 
the dark. If we employ the yellow medium of chlorine 
gas, for the purpose of analyzing the sun^s rays pre- 
viously to their &lling upon some chemical compound 
which is sensitive to actinic power, we shall find that 
the chlorine obstructs all this actinism, and, however 
unstable the compound, it remains unchanged. But the 
chlorine gas which has interrupted this wonderful agent, 
appears to have absorbed it, and it is so far altered in its 
constitution that it wili unite with hydrogen in the 
dark.^ In like manner, if, of two portions of the same 
solution of sulphate of iron, one is kept in the dark and 
the other exposed to the sunshine, it will be found that 
the solution which has been exposed will precipitate 
.gold and silver from their combinations much more 

by filtration, is mixed with lime-water in the dark, no precipitSr 
tion to any considerable extent takes place for a long while,— 
indeed, none whatever, though after very long standing a slight 
flocky sediment is formed, after which the action is arrested 
entirely. But if the mixture, either freshly made or when cleared 
by subsidence of this sediment, is exposed to sunshine, it in- 
stantly becomes milky, and a copious formation of a white preci- 
pitate (or a pale yellow one, if the platinic solution be in excess) 
takes place, which subsides quickly and is easily collected. The^ 
same takes place more slowly in cloudy daylight.** — On the action 
of light in determining the predpUaium qf Muriate of Platinum by 
Lime water ; beinff an extract from a letter &om Sir John F. W. 
Herschel, K.H., fSi.S.. &c., to Dr. Daubeny.— PhiL Mag. 1832. 

* Ona change produced by Exposure to the Beams of^he San, 
in the properties ^ an elementary substancet by Professor Draper; 
On the changes which bodies undergo in the dark, by Robert Hunt : 
Eepoxt of the Thirteenth Meeting of the British Association, vol. 
xii, — Description qf the Tithonometer^ an instrument for measuring 
Jhe chemical force qf the Jndigo-tithonic rays : by J. W. Draper, 
M.D.— Philosophical Magazine, Dec. 1843, vol. xxiii 
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speedily tliaa that which has been preserved in darkness 
— the temperature and every other condition being the 
same. 

The phenomena of the Daguerreotype inyolve many 
strange conditions. . A plate of silver^ on which a slight 
chemical action has' been established by the use of iodme, 
is exposed to the lenticular image in the camera 
obscura. If allowed to remain under the influence of 
these radiations for a sufficient length of time^ a faithful 
picture of the illuminated objects is delineated on the 
plate^ as shown by the visible decomposition and darken- 
ii^ of the iodized sur&ce. The pkte is not^ however,, 
in practice allowed to assume this condition ; after an 
exposure of a few seconds the radiant influence is cut 
off, and the eye cannot detect any evidence of change 
upon the yellow plate. It is now exposed to the vapour 
of mercury, and that metal in a state of exceedingly fine 
division is condensed upon the plate; but the conden- 
sation is not uniformly spread upon its face. The 
deposit of mercurial vapour is in exact proportion to the 
amount of chemical action producfed. Is the change,, 
by which Ihis peculiar power of condensation is effected,, 
a chemical, calorific^ electrical, or merely a molecular 
one ? TSie evidences, at present, are not suffident to 
determine the question. It has lately been suggested, 
that the mercury acts chemically only, and effects the 
Ml decomposition of the iodide of silver ; and that the 
picture is due to this, and not to the deposition actually 
of the mercury vapour. In all probability we have the 
involved action of several forces. We have some ex- 
periments which show, clearly enough, that mercury is 
deposited in proportions which correspond with the 
intensity of solar action. A chemically prepared surface 
is not necessary to exhibit this result. A polished 
plate of metal, of glass, of marble, or a piece of painted 
wood, being partially exposed, wiU, when breathed upon,, 
or presented to the action of mercurial vapour, show^ 
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that a disturbance has been produced upon the portions 
which were illuminated, whereas no change can be 
detected upon the parts which were kept in the dark. 
It was thought, until lately, that a few chemical com- 
pounds, such as the iodide of silver, the material em- 
ployed in the Daguerreotype and Calotype,^— chloride of 
edlyer, the ordinary photographic agent, — ^a few salts of 
gold, and one or two of lead and iron, were the only 
materials upon which these very remarkable changes 
were produced. We now know that it is impossible to 
expose any body, simple or compound, to the smi^srays, 
without its being influenced by this chemical and mole^ 
cular disturbing power. To take our examples fixNoa 
inoi^anic nature, the granite rock which presents its 
uplifted head in firmness to the driving storm, the stones 
which genius has framed into forms of architectural 
beauty, or the metal which is intended to commemorate 
the great acts of man, and which in the human form 
proclaims the hero's deeds and the artist's talent, ar^ 
all alike destructively acted upon during the hours of 
sunshine, and, but for provisions of nature no less 
wonderful, would soon perish under the delicate touck 
of the most subtile of the agencies of the universe. 

Niepce was the first 4o show that all bodibi which, 
imderwent this change during daylight possessed the 
power of restoring themselves to their original con- 
ditions during the hours of night, when this excitement 
was no longer influencing them. Resins, the Daguer- 
reotype plate, the unprepared metal tablet, and numerous 
photographic preparations, prove this in a remarkable 
manner.* 

m 

* For several illustrations of this remarkable phenomenon, see 
On tlie Action of the Rays of the Solar Spectrum on Vegetable 
ColourSy and on some new Photographic Processes ; by Sir John F. 
W. Hei-schel, Bait., K.H., F.R.S.— Phil. Trans. June, 1842, vol. 
cxxxiii.; On certain improvements on Photographic Processes 
described in a former communicationy and on the Parathermic Rays 
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The picture which we receive to-day^ unlen we adopt 
some method of seeming its permanency^ fades away 
before the morrow, and we try to restojre it in vain. 
With some of our chemical preparations this is very 
vonarkably shown, but by none in so striking a manner 
as by paper prepared with the iodide of platinum, which, 
-being impressed with an image by heliographic power, 
which is represented by dark brown tints, restores itself 
in the dark, in a few minutes, to its former state of a 
yellow colour, and recovers its sensibility to sunshine.* 
The inference we alone can draw from all the evidences 
which the study of actino-chemistry affords, is, that the 
hours of darkness are as necessary to the inorganic 
oreation as we know night and sleep to be to the oif^anic 
kingdom. • But we must not foi^et that there does exist 
in the solar rays a balance of forces which materially 
modifies the amount of disturbing influence exerted by 
theiii on matter. Not only do we find that the chemical 
action is not extended over the whole length of the 
prismatic spectrum, but we discover that over spaces, 
which correspond with the maximum points of light and 
heat, a protective action is exerted. That is, that 
highly sensitive photographic agents, which blacken 
rapidly under exposure to diffused daylight, are entirely 
protedbed from change in foil sunshine, if at the same 
time as a strong light is thrown upon them by reflection, 
the yellow and extra red rays are brought to bear upon 
theb surface. Not only d, but by employing miL 
which will cut off all the chemical rays of the spectrum, 
admitting fireely at the same time the luminous and 
calorific rays, we find that a protected band, the length 

^ the Solar Spectrum ; by Sir John F. W. Herschel, Bart, K.H., 
F.R.S,, &c., in a letter addressed to 8. Hunter Christie.— Phi). 
Trans. 1843, vol cxxxiv. 

^^ Sir J. F. W. Herschel ; see also Researches on Lighty by the 
Author. 
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of the spectmm^ remam8 white^ whilst every other- 
portion lias blackened.* 

Among the many curious instances of natural magic, 
none are more remarkable than an experiment not long 
since proposed, by which Daguerreotype pictures may- 
be taken in absolute darkness to the human eye. This 
is effected in the following maimer : — ^A large prismatic 
spectrum is thrown upon a lens fitted into one side of a 
dark chamber; and as we know that the actinic power 
resides in great activity beyond the violet ray, where^ 
there is no light, the only rays which we allow to pass, 
the lens into the chamber are those which are extra- 
spectral and non-luminous. These are directed upon 
any white object, and from that object radiated upon a 
highly sensitive plate in a camera obscura. Thus a 
copy of the subject will be obtained by the agency of 
radiations whi(£ produce no sensible effect upon the 
optic nerve. This experiment is the converse of Uiose 
which show us that we 'may illuminate any object with 
the strongest sun-light which has passed through^ 
yellow glass, the yellow solution of sulphuret of calcium^ 
or of the bichromate of potash — ^these being non- 
transixarent to the chemical rays — and yet fail to 
secure any Daguerreotype copy of it, even upon 
the most exquisitely sensitive plate. Indeed, the 
image of the sun itself, when setting through an 
atmosphere which reduces its light to a red or rich 
yellow colour, not only produces no chemical change,, 
but protects an iodized plate from it ; and whilst every 
other part of the tablet gives a picture of surrounding 
objects in the ordinary character, the bright sun itself 
is represented by a spot upon which no change has 

* Attention has been directed to the protecting action of certain 
rays of the spectrum by Sir John Herschel and others. See the 
Eighteenth Report of the British Association for an experiment 
by the Author, in which it was proved that all the light rays pro- 
tected photographic papers from chemical change, and, therefore,, 
convincingly show that light and actinism were not similar powei-s.. 
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taken place.* In tropical cUmes^ where a ImQiaat sun 
is giving the utmost degree of illnmiaation to all sor^^ 
rounding objects^ all photographic preparations are 
acted upon relatively more slowly than in the climate of 
England^ where the light is less intense. As a ranark- 
able instance of this fact^ a circumstance may be 
mentioned^ which is curiously illustrative of the power 
<rf light to interfere with actinism : — 

A gentleman^ well acquainted with the Daguerreo* 
tyipe process^ obtained in the city of Mexico all the 
necessary apparatus and chemicals^ expecting^ imder the 
bright light and cloudless skies of that climate^ to pro- 
duce pictures of superior exceUence. Failure upon 
failure was the result; and although every care was 
used^ and every precaution adopted^ it was not imtil the 
Tainy season set in that he -could secure a good Di^ueri- 
reotype of any of the buildings of that southern city. 

The first attempts^ which were made at the instigation 
of M. Axago^ by order of the French Government, to 
copy the Egyptian tombs and temples, and the remains 
of the Aztecs in Central America, were feiilures. 
Although the photographers employed succeeded to 

• •* Having noticed, one densely foggy day, that the disc of the 
sun was of a deep led colour, I directed my apparatus towards it 
After ten seconds of exposure, I put the prepared plate in the 
raercuiT box, and I obtained a round image perfectly black ; — the 
sun had produced no photogenic effect. In another experiment, 
I left the plate operating for twenty minutes ; the sun had passed 
over a certain space of the plate, and there resulted an image seven 
or eight times tne sun's diameter in length; it was black Uirough- 
out, so that it was evident, wherever the red disc of the sun had 
passed, not only was there a want of photogenic action, but the 
red rays had destroyed the effect produced previous to the sun's 
passage. I repeated these experiments auiin^ several days 
successively, operating with a sun of different tints of red and 
yellow. Tnese different tints produced nearly the same effect ; 
wherever the sun had passed, there existed a olack band." — Mr. 
Claudet, On different properties of Solar Radiation^ modeled by 
coloured glass media, 4^9. : Phil. Trans. 1847. Part 2. 
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admiration in Paiis^ in producing pictures in a few 
minutes^ they found often that an exposure of an hour 
was insufficient under the bright and glowing illumina- 
tion of a southern sky. 

Experiments with- the spectrum have been made in 
different latitudes^ and it is founds that^ as we proceed 
towards the equator^ a band which is always left 
imchanged^ corresponding exactly with the rays of 
greatest iUuminating power, r^ularly enlarges in size, 
thus proving the increase of light over actinism — ^and 
the interfering power of the former. 

By increasing the sensibility of the photographic pre- 
paration, this difficulty is overcome, and particularly 
when any oi^amc compound enters into the preparation. 
So that we are now' enabled to copy nature in all her 
varying moods, whether we employ our photographic 
tablets in temperate Europe, or in tropical Africa. 

The degree of sensibility which has been attained is 
remarkable. Mr. Fox Talbot, by uniting a process 
devised by Dr. Woods, of Parsonstown, and another 
which was first introduced by the author of this volume^ 
and combining them with an ether, obtains a most 
unstable compound, which he thus employs. A glass 
plate is covered with albumen united with the above 
solution, and then with nitrate of silver : this forms the 
sensitive surface. The plate being placed in the dark, 
in a camera, it is so adjusted that the image of a 
printed bill fixed upon a wheel may fall upon it when 
uncovered, and the wheel illuminated. The wheel is 
made to revolve with the utmost rapidity, in a perfectly 
dark room, and the sensitive plate uncovered. Then 
the whirling bill is illuminated for an inappreciably short 
space of time by the discharge of a Leyden jar. 
Notwithstanding the rapid rate at which the printed 
paper is moving, and the instantaneous nature of the 
illumination — a miniature, flash of lightning — the bill is 
foimd to be copied with unfailing fidehty upon the 
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photographic plate. It unfortunately happens^ that the 
preparation by which this extraordinary degree of 
sensibility is obtained^ is very uncertain in its action — 
and hence it is not generally useful ; but here we have 
the evidence to show that at a speed as rapid as that of 
a riile-ball an impression may be made upon a photo- 
graphic plate. There are, however, some new processes 
which promise eventually to rival the above for sen- 
sibility, and to be by no means of difficult manipulation. 
Of this character is the collodion process. The 
gun cotton dissolved in ether possesses some very great 
accelerating properties, and in combination with the 
silver salts, and one of the vegetable acids, it forms a 
sensitive surface upon which pictures may be obtained 
in less than a second of time. 

Colour, natural colour too, has been very decidedly 
secured. The sun has been solicited to display his 
palette, and the answer has been a picture in which 
colour for colour in all their fidelity have been impressed. 
The plate upon which this result has been obtained is 
of a dark brown colour, and the chromatic variety is, as 
it were, eaten out by the solar rays. These colours 
have not yet been permanently fixed upon the plate 
employed, but firom the temporary degree of fixedness 
which has been obtained, we may fairly hope that in a 
short time colour may be rendered as permanent on the 
productions of the photograper as on those of the 
painter. It is a curious and striking fact, that in the 
preparation of these plates, salts are used which give 
colours to flame ; and According to the colour which 
is produced by them when burning, so, on the photogra- 
phic plate, is that colour impressed with greater 
intensity than the others. To what is this leading us ? 
Mysteries surround our advances on the domain of 
.truth. We dare not speculate upon them : the time of 
their full development wiU arrivS. 

By the aid of this beautifdl art, we are enabled to 
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jureBerve the lineaments of those who have benefitted 
their lace by their intellect^ or their heroism. We can 
hand down to future ages portraits of dur own Welling. 
ton, and the iUnstrious Arago, unerring in their truth, 
fidness. How great would be the joy of all^ could we 
now obt{un a di^erreotype portrait of a Greek poet, 
or of a Boman philosopher, of a Sophocles, or of a 
Seneca ! How much discussion would be prevented did 
we possess a calotype portrait of the Bard of Avon, or of 
the Philosopher of Grantham ! 

By the agency of those very rays which give life and 
brilliancy to the laughing eye and the roseate cheek, 
we can * at once correctly trace the outline of the 
feptures we admire, with all those shadowy details which 
give a reality to the "presentment/' The objects of 
our love may be for ever present with us in these self- 
painted pictures. The vicious, whom we would avoid, 
may be made known to us by this unerring painter. The 
prciess which m.toe employs is perf^tL imperfec 
tions are those of man, and these being few, he may soon. 
leam to remedy. 

To the traveller, how valuable are the processes 
of photography ! He secures representations of those 
remains of temples which were in their glory when 
Moses wrote. He copies by one operation a tomb at 
Kamac, covered with myriads of hiaroglyphics, or an 
inscribed stone in Arabia, which it would occupy him 
days to trace. These he can carry to his home and 
read at his leisure. The relics of hoar antiquity speak- 
ing to the present of the past^ and recording the 
histories of races which have fleeted away like shadows, 
are thus preserved to tell their wondrous tales. 

The admirer of nature may copy her arrangements 
with the utmost fiddity. Every modulation of the 
landscape, each projecting rock or beetling tor — ^the 
sinuous river in its rapid flow— the meandering stream, 
''gliding Uke happiness away;'' and the spreading^ 
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plains oyer which are scattered the homes of honest 
industiy and domestic peace, intermingled -with the 
towers of those humble temples in which simple-hearted 
piety delights to " how the head and bend their knee ;'' 
these, all of these, may, by the smibeam which illumi- 
nates the whole, be faithAiUy pencilled upon our chemi- 
cal preparations. 

Our ait enables us to do more even than this ; we 
have but to present our sensitive tablet to the moon, 
and she, by her own light, prints her mountains and her 
valleys, and indicates with all truth the physical con- 
ditions of her surface. 

Any reference to the chemical agency of light — 
the lummoius rays as distinguished from the chemical 
and calorific rays — has been avoided until we came to 
the consideration of this particular question of chemical 
change. 

Upon organic compounds, as, for instance, upon the 
colouring matter of leaves and flowers, light does exert 
a chemical power: and it is foimd that vegetable 
colours are bleached, not by rays of their own colour, 
but by those which are complementary to them. A red 
dye fades under the influence of a gieen ray, and a 
yellow under that of a violet one, much more speedily 
than when exposed to rays of any other colour ; and this, 
it must be remembered, is due to the coloured ray 
itself, and not to any actinic power masked, as it were, 
behind the colour, as is generally believed."^ It was 

* " It may also be observed that the rays effective in destroying 
a given tint are, in a great many cases, those whose union pro- 
duces a colour complementary to the tint destroyed, or at least one 
belonging to that class of colours to which such complementary 
tint may be referred. For example, yellows tending towards 
. orange are destroyed with more energy by the blue rays ; blue by 
the led, orange, and yellow rays ; purples and pinks by yellow and 
green rays/'— Sir J. F. W. Herschel, On the adion of the rmfs qf 
the Solar Spectrum on Vegetable Cohnrs: Phil. Trans., vol. cxxxiii. 
1842. 
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long a question whether the decomposition of carbonic 
acid by plants was due to the luminous or the chemical 
rays. It is now clearly established that the luminous 
rays are the most active in producing this effect ; which 
they do indirectly, by exciting the vital powers of the 
organized structures. Therefore we would refer this 
phenomenon of gaseous decomposition to a vital power 
quickened by luminous excitement.* 

* Tbe following memoirs and works are necessary to a complete 
Listory of tbe inquiry : — Experiments and observations relating to 
various branches of ncUural philosophy, with a continuation q/ the 
observation on air: by Dr. PriestleT. London, 1779. ^thnoires 
Physico-chiniiques, ^c, : by J. Senebier. ExpSriences sur les vige- 
laux, by Dela Ville: Paris, 1782 ; and Phil. Trans. 1782. Obser- 
vations sur Us experiences de M, Ingenhousz : by De la Yille ; Roz. 
obs. 23, 290. Experiences propres & dhehpoer let effets de la 
huniere sur certaines plantes : dj Tessier ; Mem. de TAc. des Sc 
de Paris, 178.S, p. 132 ; Licht Mag. iv. 4, 146. Sur la vertu de 
Ftau imptegnie d air fixe pour en obtenir, par le mogen des plantes et 
de.la lumiere du soleil, de Tair d^phlogistiqui : by Ingenhonsz; 
Eoz. obs. 24, 337. Experiences sur V action de la lumere nolaire 
dans la vigetation : by Senebier ; Geneve et Paris, 1786, p. 61. 
Extrait des experiences de M. Senebier sur raction de la huni^e 
^ solnre dans la vegetation : by Hasenfratz ; Ann. Cbim. iii. 2nd. 
ser. 266. Experiences relatives it T influence de la lumiere sur 
quelques vegetaux : by De GandoUe ; Jour, de Ph. Iii. ] 24 : Yoigt's 
Mag. ii. 483 ; Gilb. Ann. xiii. 372 ; Mem. des Sav. £tr. i. 329. 
■Reeherehes chimiques sur la vegetation : by Saussore ; Ann. Ghim. 
1. 225 ; Jour, de Ph. Ivii. p« 393 ; Gilb. Ann. xviii 208. Reeherehes 
sur la respiration des plantes exuosees d la lumihre du soleil ; by 
Ruhland; Ann. Ch. Ph. iii. 411 ; Jour, de Ph. 1816. On th9 
action of light upon plants, and of plants upon the atmosphere : by 
Dr. Daubeny; Phil. Trans, cxxvii January, 1836. On the action 
of yellow light in producing the green colour, and of indigo Ugh* on 
the moven^ents of plants: by P. Gardner; Phil. Mag. xxiv. ; Bibl. 
Univ. xlix. p. 376, and hi. p. 381. On the influence of light on 
• plmts: by R. Huit; Phil. Mag. xxiv. p. 90; Bibl. Univ. xlix. 
p. 383; Athen. 1844 Note on the decomposition of carbonic acid 
bu the leaves of plants, under the influence of yellow light : by 
Draper ; Phil. Mag. xxv. p. 169. On the action of the yellow rays 
of light on vegetation: by Harkness; Phil. Mag. xxv. p. 339. 
Influence des radons solaires sur la vegetation : by Zantedeschi ; 
Inst. No. 641, p. 157, 
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We have already noticed some chemical phenomena 
due to heat, particularly those experiments of Count 
Rumford's, which appeared to him to prove that the 
chemical agency of the sun^s rays was due to its calorific 
power. Certain chemical phenomena, we know, may be 
produced by thermic action; but the only variety of 
thermo-chemical action which connects itself imme- 
diately with the solar radiations, belongs to a class of 
rays to which the name of Parathermic has been given, 
and to which the scorching, as it is called, of plants, the 
browning of the autumnal leaves, and the ripening of 
fruits, appear to be due.* When we come to the con- 
sideration of those physical phenomena which belong to 
the growth of plants, all these peculiarities of solar 
action must be attended to in detail. 

The manner in which we find the actinic power 
influencing electrical action, also shows us that the 
equilibrium of forces is continued through all the great 
principles of nature. If a galvanic arrangement is made, 
by which small quantities of metals may be slowly pre- 
cipitated at one of the poles in the dark, and a similar 
arrangement be exposed to sunshine, it will be found 
that no metal is deposited : the sun's rays have 
interfered with the decomposing power of the electrical 
current. At the same time we learn, that by throwing 
a beam of light upon a plate of copper which forms one 
of a galvanic pair, whilst it is under the influence of an 
acidulated solution, an additional excitation takes place, 
and the galvanometer will indicate the passage of an 
increased current of electricity. These two dissimilar 
actions appear enigmatical ; but they may, there is no 
doubt, receive some solution from the influence of 
diflferent rays on the contrarj'^ poles of the battery. One 

* Sir John Herschel's Meraoii's already refeiTed to ; and ReporU 
en the infktence of the Solar Raifs on the growth ofPlant$, by llobert 
Hunt : Keport of the British Association for tlie Advancement of 
Science, for 1847. 
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thing 19 quite evident^— electricity suffers a disturbance 
of one oacAer, by light ; and an excitement of another by 
its associated principles in the sunbeam. If a yellow 
glass is interposed between the galvanic arrangement 
and the sun, the electro-chemical precipitation goes on 
in the same manner as it would in perfect darkness, 
and no extra excitement is produced upon the plates of 
the battery. From this it would appear that actiDism 
and not light is to be regarded as the disturbing power.^ 
It has alr^y been shown that yellow media possess the 
power of stopping back the chemical agent. 

We have already detailed many of the peculiarities of 
the different varieties of Phosphori, which would seem 
to be the result of light. - Phosphorescence is probably 
excited by those rays which produce no direct dSect 
upon the eye. If we spread sidphuret of calcium upon. 

* Memoir on the Constitutum of the Solar Spectrum, presented 
at the meeting of the Academy of Sciences, 1842, by M. Edmond 
Becquerel; Les effets produits sur les corps par les rayons sokdres, 
par M. Edmond Becquerel, aide au Museum d'Histoire Naturelle : 
M^moire pr6sente a rAcad6mie des Sciences, le 23 Octobre, 1843. 
— " Dans le oourant de ce in^moire, j'ai employ^ lea noms de 
rayons lumineux, chimiques, et phosphorog^niques, pour designer,, 
dans ohaque cas, la portion des rayons solaires qui agit pour pro- 



lyonnement. 

"My reply is this,'' says M. Arago, in bis paper entitled 
Coneiderations relative to the action of Light : " It is by no means* 
proved that the photogenic modifications of sensitive substances 
result from the action of the solar light itself. The modifications* 
are, perhaps, engendered by invisible radiations mixed with light 
properly so called, proceeding with it, and being similarly re- 
nracted. In this case, the experiment would prove not only that 
the spectrum formed by these invisible rays is not continuous, 
that there are solutions of continuity as in the visible spectrum,, 
but also that in the two superposed specti*a these solutions cor- 
respond exactly. This would be one of the most curious, one- 
of the most strange results of physics." — Taylors Scientific: 
Memoirs. 
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paper, and expose it to the action of the solar spectrum, 
4t is found to glow (in the dark) only over those spaces 
occupied by the violet rays and the ordinarily dark rays 
beyond them ; proving that the excitation necessary to 
the development of the phenomena of phosphorescence 
is due to a dass of rays distinct from the true light- 
giving principle, and more nearly allied to that principle 
or power which sets up chemical decomposition. 
Whether the fluorescent rays, before mentioned, which 
are found so abundantly over the space which produces 
the greatest phosphorescent effect, are active in pro- 
ducing the phenomena, is as yet an unsolved problem. 

Vision and colour, calorific action, chemi(»l change, 
molecular disturbance, electrical phenomena, and phos- 
phorescent excitation, all, each one with a strange 
duality, are connected with the sunbeam. 

We find, when we receive solar spectra upon iodized 
plates, or on several kinds of photographic paper, that a 
line, over which no action takes pktes, is preserved at 
the top and bottom of the impressed image, and in many 
cases along the sides also. The only way in which this^ 
can be accounted for, as the spectirnm represents the 
sun in a distorted form, is by supposing that rays come 
from the edges of the sun of a diJBTerent character from 
those which proceed from the ceaatse of that orb.* 

Light from the centre of the solar disc is under dif* 
ferent ccmditions from that which comes from the edge 
of the son : this is due to the varying angle, which is 
present to us by a circular body : caloiSic action seem&< 

* The chemical evidence of this will he found in Sir John 
HerscheTs Memoir On the Solar Speetrunty and pardeidaify as 
exemplified in the changes product on the tartrate of salver. 
Similar influences axe descrioed as ohserved on a Daguerreo^rpe 
plate, in a paper entitled Experimenis and Olmervations on Light 
which has permeated coloured media, and on the Chemical Action f^' 
the Solar ^eetrum ; hy itohert Hunt — Philosophical Mi^zine, 
vol. xxvi. 1840. 
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to be more strongly maoifested when the envelope of 
lights extending l^e an atmosphere to the sun^ is thrown, 
into great agitation^ and waves^ and great hollows — 
solar spots— are produced. There is some indication of 
the existence of *a third condition on the sun's surface, 
to which probably belongs the mighty chemical power 
which we call actinism. Electricity may be, as some 
have speculated, the exciting agent; a constant and 
violent Aurora Borealis may exist on the sun, and 
under the excitation of this force the others named may 
be quickened into Aill activity. 

lliat actinism is one of the great powers of creation 
we have abundant proof. Nearly all the phenomena of 
chemical change which have been referred to light, are 
now proved to be dependent upon actinic power ; and 
beyond the influence which has been ascertained to be 
exerted by it upon all inorganic bodies, we shall have 
occasion to show still further the dependence of the 
vegetable and animal worlds upon its agency. The in- 
fluence of the solar beams on vegetation is proved by- 
common experience; the closer examination of ita 
action on vegetable life is reserved for the chapter de- 
voted to its phenomena. Of its influence on animals 
nothing is very correctly known ; but some early expe- 
riments prove that they, like other organised bodies, are 
subject to all the radiant forces, as indeed, independeat 
of experiment, every observation must teach. Cer- 
tain it is, that organisation can take place only where 
the sun's rays can penetrate : where there is unchanging 
darkness, there we find all the silence of death. Pro- 
metheus stole fire from heaven, and gave the sacred gift 
to man, as the most useful to him of all things in his 
necessities : by the aid of it he could temper the seve- 
rities of climate, render his food moie digestible and 
agreeable, and illuminate the hours of darkness. So 
says the beautiful fiction of the Grecian mind, — ^which 
appears as the poetic dream or prophetic glance of a 
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gifted race, who felt the mysterious truth they were yet 
imable to describe. Pheaton and Apollo are only other 
foreshadowings of the creative energies which dwell in 
the glorious centre of our universe. The poetry of the 
Hellenic people ascended above the littlenesses of merely 
human action, and sought to interpret the great truths 
of creation. Reflective, they could not but see that 
some mysterious powers were at work aroimd them; 
imaginative, they gave to fine idealisations the govern- 
ment of those inexpUcable phenomena. Modem science 
has shown what vastly important offices the solar rays 
execute, and that the principles discovered in a sunbeam 
are indeed the exciters of organic life, and the disposers 
of inorganic form. 

It must not be forgotten that we have already 
alluded to a speculation which supposes this actinic in- 
iluence to be diffused through all nature, to be indeed 
the element to which chemical force in all its forms is to 
be referred, and that it is merely excited by the solar 
rays. This hypothesis receives some support from the 
very peculiar manner in which chemical action once set 
up is carried on, independent of all extraneous excite- 
ment, after the first disturbance has been produced. If 
any of the salts of gold are exposed in connection with 
organic matter, as on paper, to sunshine for a moment, 
an action is begun, which goes on unceasingly in the 
dark, until the gold is reduced to its most simple state.* 

"^ This peculiar coatinuatice of ah efiPect has, frequently been 
observed in many of the photographic procosses. In a note to a 
memoir On certain improvements in Photographic processetf 
Sir John Herschel thus refers* to this property : — " The excitement 
is produced on such paper by the ordinary moisture of the atmos- 
phere, and goes on slowly Tvorking its effect in the dark, apparently 
without other limit than is afforded br the supply of ingredients 
present. In the case of silver it ultimately produces a perfect 
aUvering of all the sunned portions. Very singular and beautiful 
photographs, having much resemblance to Daguerreotype pictures, 
are thus produced ; the negative character changing by keeping. 


/ 
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The same thing occurs with chromate of silver^ some 
of the salts of mercury^ argentine preparations combined 
with protosulphate of iron or gallic add, and some other 
chemical combinations. These progressive influences 
point to some law not yet discoveied^ which seems to 
link this radiant actinism with the chemical agent exist- 
ing in all matter. 

This problem also connects itself with another class of 
facts wMch^ although due, in all probability, to a great 
extent, to calorific radiations, and hence known under 
the general term of Thermography, appear to involve 
both chemical and electrical excitation. From the in- 
vestigations of Moser and of others, we learn the very 
extraordinary fact, that even inanimate masses act and 
react upon each other by the influence of some iark 
radiations, and seem to exchange some of the peculiari* 
ties which they possess. This appears generally in the 
curious experiments which have b^n reared to, as con- 
fined merely to form or structure. Thus an engraved 
plate will give to a polished surface of metal or glass 
jdaced near it, after a very little time, a neat distinct 
image of itself; that is, produce such a structural dis- 
turbance as will occasion the plate to receive vapour dif- 
fer^QLtly over those spaces opposite to the parts in cameo 
or in intaglio, from what it does over the opposite. If a 
piece of wood is used instead of a medal, there will, by 
similar treatment, be produced a true picture of the wood> 
even to the representation of its fibres.* 

and by quite insensible gradations to positive, and the shades ex- 
hibiting a most singular cJUi/oyiml changf) of colour from ruddy- 
brown to black, when held more or less obliquely. No doubt, also, 
gold pictures with the metallic lustre mignt be obtained by the 
samejprocess, though I have not tried the experiment." 

* The details of this curious subject may be studied in tho 
following memoir and communications :— On vmcm and ikmmt^tm 
of tight on all bodies : by Professor Lud^ig Moser, of Konigsbeig ; 
from Poggendorflrs Annalen, voL IvL p. 177, No. 6, 1845. 8om& 
remarki on hvisible Light: by Professor Ludwig Moser, ot 
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It is alfio probable that chemical decomposition is pro- 
duced by the mere jnxtapositioiL of d^erent bodies. 
Iodide ofgold or sUvei, pe&y pi«e, h» been placed 
upon a plate of glass, and a plate of copper covered with 
mercury suspended over it : a graduid decompositicm 
of those salts is said to have been observed, ioidide of 
mercury to be formed, and the gold or silver salts reduced 
to a finely divided metallic state.* 

A body whose powers of radiating heat are low, being 
brought near another whose radiating powers are more 
extensive, wiQ, in the course of a short time, lindei^o 
such an amount of molecular disturbance as will efiPect 
a complete change in the arrangement of its surface, 
aad an impresaioii of the body having the highest radi- 
ating powers will be made upon the other. This im- 
'pression is dormant, but may be developed under the 
influence of vapour, or of oxidation.t \body, such as 

Konigsberg ; from PoggendorflTs Annalen, vol. Ivi. p. 569, No. 8. 
On the power which light possesses of becoming Intent : by Professor 
Ludwig Moser, of Konigsberg; from PoggendorflTs Annalen, vol. 
IviL No. 9, p. 1. 1842. On certain spectral appearances^ and on the 
discovery qf latent light : by J. W. Draper* M.D., Professor of 
Chemistry in the University of New York; Phil. Mag. p. S48, 
Not. 1842. On a new imponderable substance, and on a class ^ 
€!hemieal rags analogous to the rays of dark heat : by Professor 
Draper; Phil. Mag., Dec. 1842. 0^ the action of the rays (^ the 
solar spectrum <m the Daguerreotype plate \ by Sir J. F. W. 
Herschel, Bart; Phil. Mag., Feb. 1843. See remarks in this 
paper on the use which Moser has made of coloured glasses : also 
a communication by Professor Draper, On the rapid Detithonising 
power of certain gases and vapours, and on an instantaneous means 
tfproitaing spectral appearances : Phil. Mag., March 1843 ; and 
On the causes which concur in the production (^ the images of Moser : 
Comptes Bendus, Nov. 1842. See SdentiJUs Memoirst vol. iii. 

* This fact was first observed by myself, and described in the 
paper already referred to, Philosophical Magazine, vol. xxii. p. 270. 
It does not, however, appear to have attracted the attention of any 
>other observor. ' 

t On Thermography, or the Art of copying Engravings or any 
printed characters from paper or plates of metal, and on the recent 
discovery of Moser ^ relative to the formation of images in the dark. 
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cbarcoal^ of low conducting power^ being placed near 
another, such as copper, which is a good conductor, will, 
in a very short time, produce, in like manner, an im- 
pression of itself upon the metal plate. Thus any two 
bodies, whose conducting or radiating powers are dissi- 
milar, being brought near each other, will occasion a 
molecular disturbance, or impress the one with the image 
of the other. However smsdl the difference may be, an 
effect is perceived, and that of the most extraordinary 
kind, giving rise to the production of actual images upon 
each surface exposed. It is thus that a print on paper 
may be copied on metal, by merely, suspending it near a 
well-polished plate of silver or copper for a few days. 
The white and black lines radiate very differently ; con- 
sequently an effect is produced on the bright metal in 
the parts corresponding to the black lines, dissimilar to 
that which tak^ place opposite to the white portions 
of the paper ; and, on the application of vapour, a 
true image of the one is found impressed upon the 
other.* 

Bodies which are in different electrical states act upon 
each other in an analogous manner. Thus arsenic, which 
is highly electro-negative, will, when placed near a piece 
of electro-positive copper, readily impart to its smface 
an impression of itself, and so in like manner will other 
bodies if in unlike conditions. Every substance physi- 
cally different (it signifies not whether as it regards 

by Bobert Hunt: Reports of the Royal Cornwall Polytecbnio 
Society for 1H42, and Philosophical Magazine, vol. xxi. p. 402. 
^On the Spectral Images ofM. Moser^ by Robert Hunt : Pbiloso- 
phical Magazine, vol. xxiii. p. 415. 

* Catalytic force, or attraction of surface concerned in the 
diffusive power of gases : an occult energy or power in saturated 
saline solutions; Prater. — Mechanic's Magazine, vol. xlv. p. 106. 
Ueber eiektrische Abbildwtgen; by G. Karsten.*— Poggendorff'» 
Annalen, vol. Ivii. p. 402. — Melloni and Brewster may be con- 
sulted for much that is most remarkable connected with radiation 
fix)m coloured smfaces. 
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cdiouT, chemical composition^ mechanical structure, calo- 
rific condition, or electrical state,) has a power of radia- 
tion by which a sensible change can be produced in a 
body differently constituted. 

Fable has told us that the magicians of the East pos- 
sessed mirrors in which they could at will produce 
images of the absent. Science now shows us that repre- 
sentations quite sufficient to deceive the credulous can 
be produced on the surface of polished metals without 
difficulty. A highly poHshed plate of steel may be im- 
pressed with images of any kind, which would remain 
invisible, the polished surface not being in the least degree 
affected, as it regards its reflecting powers ; but by breath- 
ing over it, the dormant images would develope them- 
selves, and fade away again as the condensed moisture 
evaporated from the surface.* 

These, which are but a few selected from a series of 
results of an equally striking character, serve to con* 
vince us that nature is unceasingly at work, that every 
atom is possessed of propertiesly which it iniluenc^ 
every olher atom in the universe, and that a most im- 
portant class of natural phenomena appear to connect 
themselves directly with the radiant forces. 

The alchemists observed that a change took place in 
chloride of silver exposed to sunshine. Wedgwood first 
took advantage of that discovery to copy pictures. 
Niepce pursued a physical investigation of the curious 
change, and found that all bodies were influenced by 
this principle radiated from the sun. Daguerre produced 
effects from the solar pencil which no artist could ap- 
proach to; and Talbot and others extended the applica- 

* Comelitis Agrippa is said to have possessed such a mirror. 
The Chinese make mirrors which, when placed in a particular 
light, show upon their polished faces the pattern on the back of th^ 
metal, although it is invisible in every other position. This is 
effected by giving diflferent degrees of hardness to tho various^ 
parts of the mptal. In Natural Magic, by Sir David Brewster, 
several ciuious experiments belonging to this class are named. 
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tion. HerBchel took up the inquiry ; and he, with his 
nsnal power of inductive search and of philosophical 
deduction, presented the world with a class of discoveries 
which showed how vast a field of investigation was open- 
ing for the younger races of mankind, — a field in which 
a true spirit may reap the highest reward in the disco- 
very of new facts, and to which we must look for a far- 
ther development of those great powers with which we 
have already some alight acquaintance, and for the dis- 
covery of higher influences which are not yet dreamed 
of in our pMosophy. 

If music, with its mysteries of sound, 
Gives to the human heart a heavenward feeling; 

The heauty and the grandeur which are found 

Spread like a vesture this fair earth around. 
Creation's wond'rous harmonies revealing. 
And to the soul in truths strong tongue appealing, 

"With all the magio of those secret powers. 

Which, mingling with the lovely hand of light, 

'The sun in constant vmdulation showers 

To mould the crystals, and to shape the flowers, 
Or give tq matter the immortal might 

Of an embracing soul — should, from this sod, 

Exalt our aspirations all to God. 
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CHAPTER IX. 

ELECTEICITY. 

XHseovery of Electrical Force — ^Diffused throagb all Matter — 
What is Electricity ?— Theories — Frictional Electricity — 
Gondacting Power of Bodies — ^Hypothesis of two Fluids — 
Electrical Images — Galvanic Electricity — ^Effects on Am- 
mals — Chemistrjr of Galvanic Battery — Electricity of a 
Drop of Water— Electro-chemical Action— Electrical Cur- 
rents — Thermo-Eleotricity — Animal Electricity — Gymnotus 
— Torpedo— -Atmospheric Electricity — ^Lightning Conductors 
— Earth's Magnetism due to Electrical Currents — Influence on 
Vitality — Animal and Vegetable Development — Terrestrial 
Currents — Electricity of Mineral Veins — Electrotype— In- 
fluence of Heat, light, and Actinism on Electrical Phenomena. 

1p a piece of amber, electrum, is briskly rubbed, it 
acquires the property of attracting light lx)dies. This 
curious power excited the attention of Thales of Miletus ; 
and from the investigations of this Grecian phUosopher 
we must date our knowledge of one of the most impor- 
tant of the natural forces — Electricity. 

If an inquiring mind had not been led to ask why 
does this curious natural production attract a feather, the 
present age, in all probability, would not have been in 
possession of the means by which it is enabled to trans- 
mit intelligence with a rapidity which equals the poet's 
dream of the ''swift-winged messengers of thought/' 
To this age of application a striking lesson does this 
amber teach. Modem utility would have regarded 
Thales as a madman. Holding a piece of yellow resin 
in his hand, rubbing it, and then picking up bits of down, 
or catching floating feathers, the old Oreek would have 
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appeared a very imbecile^ and the cui bono generation 
would have laughed at his silly labours. But when he 
announced to his school that this amber held a soul or 
essence^ which was awakened by firiction, and went forth 
from the body in which it previously lay dormant^ and 
brought back the small particles floating around it^ he 
gave to the world the first hint of a great truth which has 
advanced our knowledge of physical phenomena in a mar- 
vellous manner^ and ministered to the refinements and to 
the necessities of civilisation. Each phenomenon whick 
presents itself to us, however simple it may appear to be, 
is an outward expression of some internal truth, the inter- 
pretation of which is only to be arrived at by assiduous 
study, but which, once discovered, directs the way to new 
knowledge, and gives to man a great increase of power. 
There is no truth so abstract that it will not find its useful 
application, and every example of the ministration of 
Physical Science to the purposes of humanity is an evi- 
dence of the value of abstract study, and a reply to the 
utilitarian in his own language. 

Electricity appears to be diffused through all nature; 
and it is, beyond all doubt, one of the most important 
of the physical forces, in the great phenomena of crea- 
tion. In the thimder-cloud, swelli^ with destruction, 
it resides, ready to launch its darts and shake the earth 
with its explosions: in the aerial undulations, silent 
and imseen, it passes, giving the necessary excitement 
to the organisms around which it floats.' The rain- 
drop — the earth-girdling ocean — and the ringing waters 
of the hill-bom river, hold locked this mighty force. 
The solid rocks — ^the tenacious clays which rest upon 
them — ^the superficial soils — ^and the incoherent sands, 
give us evidence of the presence of this agency ; and in 
the organic world, whether animal or vegetable, the ex- 
citement of electrical force is always to be detected. 

In thesolar radiationswe have perhaps the prime mover 
of this power. In our atmosphere, whai calm and cloud- 
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less, a great ocean of light, or when sombre with the 
mighty aspect of the dire tornado, we can constantly 
detect the struggle between the elements of matter to 
maintain an equilibrium of electrical force. 

Diffiised throughout matter, electricity is ever active ; 
but it must be remembered that although it is evidently 
a necessary agent in aU the operations of nature, that it 
is not the agent to which everything unknown is to be 
referred. Doubtless the influence of this force is more 
extensive than we have yet discovered ; but that is an 
indolent philosophy which refers, without examination, 
every mysterious phenomenon to the influence of elec- 
tricity. 

The question, what is electricity ? has ever perplexed, 
and stiU continues to agitate, the world of science. 
While one set of experimentaHsts have endeavoured to 
explain the phenomena they have witnessed, upon the 
theory that electricity is a peculiar subtile fluid pervad- 
ing matter, and possessing singular powers of attraction 
and repulsion, another party find themselves compelled 
to r^gtord the phenomena as giving evidence of the action 
of two fluids which are always in opposite states ; while 
again, electricity has been considered by others as, like 
the attraction of gravitation, a mere property of matter.* 
Certain it is, that in the manifestations of electrical phe- 
nomena we have, as it appears, the evidence of two con- 
ditions of force; but of the stat^ ofpositive or neffaiive, of 
vitreous or re9in<m8 electricity, we have a familiar expla- 
nation in the assiunption of some current flowing into or 

• TraiU de Physique : M. Biot, vol. vii. Becquerel : Annales 
de Ghimie, vol. xlTi.-xlix. Faraday's Experimental Researches in 
Electricity, 2 vols., 1830-1844. A Speculation touching EUetric 
Conduction and the Nature of Matter: by Michael Faraday, 
D.C.L., F.RS. ; Philosophical Magazine, vol. xxiv., 1836. 
Objections to the theories severally of FratikUn, Dttfay, and Ampere, 
with an attempt to explain Eleetrical "Phenomena by statical or 
undulatory polarization : by Bobert Hare, M.D., EmeritUs Pro* 
fessor of Chemistry in the U niversity of Pennsylvania. 
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out of the material body^ — of some principle which is 
ever active in maintaining iU eqnilibnnm^ which, conse* 
quently, must act in two directions, and always exhilnt 
that duality which is a striking characteristic of this 
subtile agent. It is a curious, and it should be an 
instructiye f act, that each of the three theories of elec- 
tricity is capable of proof, and has, indeed, been most 
ably supported by the rigorous analysis of mathematics. 
When we remember that some of the most enlightened 
investigators of this and the' past age have severally 
maintained, in the most able manner, these dissimilar 
views, we should hesitate before we pronounce an opinion 
upon the cause or causes of the very complicated pheno- 
mena of electrical force. 

Although we discover, in aU the processes of nature, 
the manifestations of this principle or force in its cha- 
racteristic conditions, it wiU be necessary, before we 
regard the great phenomem^ to examine the known 
sources from which we can most readily evoke the 
mighty power of electricity. If we rub a piece of glass 
or resin, we readily render this agent active ; these sub- 
stances appear, by this excitement, to become surrounded 
by an attractive or a repellent atmosphere. Let us nib 
a strip of writing paper with Indian rubber, or a strip 
c^ Qutta Percha with the fingers, in the dark, and we 
have the manifestation of several curious phoiomena. 
We have a peculiar attracting power ; we have a lumi- 
nous discharge in the shape of a spark; and we have 
very sensible evidence of muscular disturbance produced 
by applying the knuckle to the surface of the matmal. 
In each case we have the development of the same 
power. 

Every substance in nature is an electric, and, if so 
disposed that its electricity may not fly off as it is deve- 
loped, we may, by friction, manifest its presence, and> 
indeed, measure its quantity or its force. All bodies 
are not, however, equally good electrics; shell-lac. 
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amber, resins, sulpliiir, and glass, exHbiting mare power- 
fully the phenomena^ of Motional or mechanical elec- 
tridty, than the metals, charcoal, or plumbago. Solid 
bodies allow this pecdiar principle to pass along them 
also in very different degrees. Thus electricity travels 
readily th]X)ugh copper and most other metals, platinum 
being the worst metallic conductor. It also passes 
throu^ living animals and vegetables, smoke, vapour, 
rarifi^ air, and moist earth; but it is obstmcteii by 
resins and glass, paper when dry, oils, and dry metallic 
oxidefi^ and in a very powerful manner by Gutta Percha.^ 

* '' A good piece of gutta percha will insulate as well as an equal 
piece of ^elMac, whether it be in the form of sheet, or rod, or nla- 
laent; but being tough and flexible when cold, as well as soft 
when hot, it will serve better thim shalMac in murr eases wheke 
the brittleuess of the latter is an inconvenienoe. Thus it makes 
very good handles for carriers of electricity in experiments on 
induction ; not being liable to fracture in the form oi thin band or 
string, it makes an excellent insulating suspender; a piece of it in 
skeet makes a most convenient inoolating basis for anything 
placed on it. It forms excellent insulating plugs for the Ediems of 
gold4eaf electrometers, when they pass through sheltering tubes, 
and larger plugs form good insulating feet for electrical arrange- 
ments; cyimders of it, half an inch or more in diameter, have 
great stiifness, and form excellent insulating pillars. In these 
and in other ways its power as an insulstor may be nse^." — 
On the use f^ Gutta Percha in Eleetricai Intmatiom: by Dr. 
Faraday; Philosoph. Mag., March, 1848. 

The following deductions have been given by Faraday, in his 
JRewwdbef in Electricity, a work of most extraordinary merit, 
being one of the most perfect examples of fine inductive pfaOo- 
sophy which we possess in the English language : — 

"All bodies conduct electrici^ in the same manner from 
metals to lacs and gases, but in very different degrees. 

'* Gondttcting power is in som^ bodies powerfully increased by 
heat, and in others diminished, yet without one peroeiying any 
aeeompanying essential electricel differeaoe, either in the bodies, 
or in me change occasioned by the electricity conducted. 

"A numerous class of bodies insulating electricity of low 
IntaDsity, when solid, conduct it very freely when fluid, and are 
then decomposed by it. 

^ But t^bere are many fluid bodies which do not sensibly con- 
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If^ therefore^ we place an electric upon any of those 
non-conducting bodies^ the air around being well dried^ 
we are enabled to gather a large quantity of the force 
for the production of any particular efifect. Taking ad- 
vantage of this fact^ arrangements are made for the 
accumulation and liberation at pleasure of any amount 
of electricity. 

ALeyden phial^ — so called from its inventor, Muschen- 
brock, having resided at Ley den, — ^is merely a glass bottle 
lined within and without, to within a few inches of the 
top, with a metal coating. If a wire or chain, carrying 
an electric current, is allowed to dip to the bottom of 
the bottle, the inner coat of the jar becomes charged, 
or gathers an excess, whilst the outer one is in its natural 
condition — one is said to be in & positive^ and the other in 
a negative state. If the two coatings are now connected 
by a good conductor, as a piece of copper wire, passing 
from one to the other, the outside to the inside, a dis- 
charge, arising from the establishment of the eqmli- 
brium of the two coatings, takes place ; and, if the con- 
nection is made through the medium of our bodies, 
we are sensible of a severe disturbance of the nervous 
system. 

The cause of the conducting and non-conducting 
powers of bodies we know not ; they bear some relation 
to their conducting powers for caloric ; but they are not 
in exact obedience to the same laws. When we consider 
that resin, a comparatively soft body, in which^ conse- 


duct electricity of this low intensity; there are some wbieh 
conduct it and are not decomposed ; nor is fluidity essential to 
decomposition. 

" There are hut two bodies (sulphuret of silver and fluoride 
of lead) which, insulating a Toltaic current when solid, and con- 
ducting it when fluid, are not decomposed in the latter case. 

"There is no. strict electrical distinction of conduction which 
can as yet he drawn between bodies supposed to be elementaiy* 
and those known to he compounds." 
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quently, cohesire attraction is not very strongs is an im- 
perfect conductor^ and that copper^ in whicli cohesion is 
much more powerfiil, is a good conductor^ we may be 
disposed to consider that it is regulated by the closer ap* 
proximation of the particles of matter. But in platinum 
the corpuscular arrangement must be much more dense 
than it is in copper^ and yet it is^ compared with it^ a 
very bad conductor.* 

We have now learnt that we may, by friction, excite 
the electricity in a vitreous substance ; but it must not 
be forgotten that we cannot increase the quantity which 
is, under ordinary conditions, natural to the electric ; to 
do so, we must in some way establish a channel of com- 
munication with the earth, from which, through the 
medium we excite, we draw our supply. We have the 
means of confining this mighty force within certain limits 
of quantity and of time. If we place bodies which are 
susceptible of electrical excitation in a sensible degree 
upon insulating ones, we may retain for a considerable 
time the evidences of the excitement, in the same way as 
with the Leyden jar; but there is a constant effort to 
maintain a balance of conditions, and the body in which 
we have accumulated any extraordinary quantity by con- 
duction soon returns to its natural state. 

A very simple means may be adopted of showing what 
is thought to be one of the many evidences in favour of 
two electricities. If the wire carrying the current flow- 
ing firom the machine, is passed over paper covered with 
nitrate of silver, it produces no change upon it; but if 
the wire which conveys the current to the instrument^ 
when it is excited, is passed over the same paper, the 
silver salt is decomposed.t We may, however, explain 
tjjiis result in a satisfactory manner, upon the hypothdiis 

* Faraday's Speeutation on the Nature qf Matter^ already 
referred to. 

f Experimental Researches : by Br. Faraday. Chemical Decern- 
position^ p. 151. 


200 VOLTAIC XXiECTmiCITT. 

that the decompontioii is produced by the abstraction of 
electricity, rather than bjr any phy siod difference in the 
fluid itself. By frictional electricity we may nroduce 
corioas moleniL dirtorbances, and iive liBe to molecu. 
lar re-arrangements, which have been called '^electrical 
images,'' in glass, in stone, and in the apparently lesa 
tractable metols : these images are rendered visible by 
the mamier in which, accor^g to their electrical states,. 
some lines receive any particular powder, or vapour, 
which is rqpelled firom o&er spaces. Many df the great 
natural ph^iomena, sudh as I^htning and Thunder, the 
Aurora BoreaUs, and Meteors, may be imitated in a 
curiously exact manner by the electrical madiine and a 
tew familiar arrangements.* 

Voltaic electricity, as the active force produced by 
chemical diange is commonly called, in honour of the 
illustrious Yolta, is now to be considered. It differs 
from frictional electricity in tlii»:-flie electricity deve- 
IcffeA by Mction of the glass pkte or cylinder of the 
electrical madiine is a discharge wiiJh a sort of explosion^^ 
It is electridty suddenly liberated firomthe highest state- - 
ci tension, whereas that which is generated by chemical 
tu^on in the voltaic battery is a steady flowing current. 
We may compare one to the ignition of a mass of gun*^ 
powd^ at once, and the oliier to the slow burning of 
the same quantity spread out into a very prdlonged 

There are numarous ways in which we may excite the 
phenomaia of Yoltaism, but in all of them the decom- 
position of one of the elements employed appears to be- 
necessary. This is the case in the arrangements of bat- 
teries in which two dissimilar metals, zinc and copper,, 
silver and platinum, or the like, is immersed in fluids; 
the zinc or the silver are gradually converted into soluble: 
salts, which are dissolved, whilst the copper or jdatinum* 

* Karsten ; PoggendorflTs Annalen, vol. Ivii. 
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is protected from any action. The most simple manner 
of illustrating the development of this elecbicity is hj 
placing a piece of silyer on the tongue^ and a piece of 
zinc or lead underneath it. No effect will be observed 
so long as the two metals are kept asnnder, but when 
their edges are brought together^ a slight tremnloos sen* 
sation will pass through the tongue, a saline taste be 
distinguished by the palate, andif in the dark, light will 
be observed by the eye. 

This, the germ of tibie most remarkable of the sciences^ 
was noticed by Sulzar, fifty years before Gkdvani observed 
the convulsions in the limbs of frogs, when excited by 
the action of dissimilar metals ; but the former paid 
little attention to the phenomenon, and the discovery 
led to no results. 

When Galvani's observant mind was directed to the- 
remarkable fact that the mere contact of two dissimilar 
metals with the moist surface of living muscles produced 
convulsions, there was an awakening in the soid of that 
philosophy to a great fnndamenttd truth, which wa» 
nurtured by him, tned and tested, and preserved to work 
its marvels for future ages. 

Although Ihe world of sdenoe looks back to Yolta a» 
the man who gave the first true interpretation of this 
discovery, yet the ordinary world will never disocmnect 
this important branch of physical sci^use from the 
name c£ Oalvani, and chemical electricity in aU its 
forms will for ever be known under thefanufiar name of 
Galvanism. And it must not be forgotten, that the 
phenomena of the manifestation of electricity, in connec- 
tion with the conditiottB of vitality, are entirely due to 
GalvanL 

Ijet us examine the phenomena of Qalvanism in its^ 
most simple phases : — 

If we place a live flounder upon a plate of zinc, put a 
shilling on its back, and then touch both metals with 
the ends of a metallic wire, the fish will exhibit painful 
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convulsions. The zinc becomes oxidized by the separa- 
tioa of oxygen £com the flmd on the sur&c^ mth which 
it is in contact, whilst hydrc^en gas is liberated at that 
surface touched by the other metal. Here we have, in 
the first place, a chemical change effected, then a pecu- 
liar muscular disturbance. Each successive combination 
or decomposition, like a pulsation, is transmitted along 
the circuit from one extremity to the other. How the 
impulse which is derived from the zinc is transmitted 
through the body of the animal, or the tongue, to the 
silver or copper is the next consideration. 

We can only understand this upon the supposition 
that a series of impulses are communicated in the most 
rapid manner along the connecting line ; the idea of a 
current, although the term is commonly employed, tends 
to convey an imperfect impression to the mind. It 
would seem rather that a disturbance throughout the 
entire circuit is at once set up by a series of vibrations 
or impulses communicated from particle to particle, and 
along the strange net-work of nerves. One set of che- 
mical elements have a tendency to develope themselves 
at that point where vibration is first communicated to 
the mass from a better conductor than it is, and another 
set at the point where it passes from the body to a better 
conductor than itself. The cause of this is to be sought 
for in the laws which r^ulate molecular constitution — 
by which chemical affinity is disturbed, — ^and a new 
attractive force exerted, in obedience to which the vital 
energy is itself agitated. We must not, however, forget 
that it is probable after all, although not yet sujBceptible 
of proof, tiiat the electricity does nothing more than dis- 
turb or quicken the unknown principles upon which che- 
mical and vital phenomena depend; being, indeed, a 
secondary agent.* 

* Traitk Expirimental de TEUctridU et du Magniiisme : 
Becquerel, 1834, Priestley's Introduction to Electricity. On 
Electricity in Equilibrium : Dr. Young's Lectures. 
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Notwithstanding onr long acquaintance with the phe- 
nomena of galvanLi, there axelut few who entert<dn a 
correct idea of the enormous amount of electricity which 
is necessary to the existing conditions of matter. To 
Faraday we are indebted for the first clear set of dedtic- 
tions fLm a series of inductive researches, which are of 
the most complete order. He has proved^ by a series 
of exceedingly conclusive experiments^ that if the elec- 
trical power which holds a grain of water in combination^ 
or which causes a grain of oxygen and hydrogen to unite 
in the right proportions to form water, could be collected 
and thrown into the condition of a voltaic current, it 
would be exactly the quantity required to produce the 
decomposition of that grain of water, or the Uberation of 
its elements, hydrogen and oxygen.* 

By direct experiment it has been proved that one equi- 
valent of zinc in a voltaic arrangement evolves such a 
quantity of electricity in the form of a current, as, pass- 
ing through water, will decompose exactly one equivalent 
of that fluid. The law has been thus expressed : — ^The 
electricity which decomposes, and that which is evolved 
by the decomposition of a certain quantity of matter, are 

* Faraday's Experimenial Researches on Electricity, This 
philosopher has shown, hy the most conolusive experiments, 
" that tbe electricity which decomposes, and that which is eyolved 
hy the decomposition of, a certain quantity of matter, are alike. 
What an enormous quantity of electricity, therefore, is required 
for the decomposition of a single grain of water ! We have 
4ilready seen that it must be in quantity sufficient to sustain a 
platinum wire -^ of an inch in thickness, red hot; in contact 
with the air, for three minutes and three quarters. It would 
appeax that 800,000 chaises of a Leyden battery, charged bv 
thmy turns of a very large and poweiful plate machine, in full 
taction — a quantity sufficient, if passed at once through the head 
•of a rat or cat, to have killed it as by a flash of lightning— are 
necessaij to supply electricity sufficient to decompose a single 
grain of water; or, if I am right, to equal the quantity of electri- 
city which is naturally associated with the elements of that grain 
of water, endowing them with their mutual chemical affinity." 
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alike. The equivalent weights of bodies are those qiian> 
tities of them which contain equal quantities of dectri- 
city ; electricity determining the equivalent number^, 
because it determines the combining force.* 

The same elegant and correct experimentalist has 
shown that zinc and platinum wires, one-eighteenth ot 
an inch in diameter, and about half an inch long, dipped 
into water in wUch.is mixed sulphuric add so weak 
that it is not sensibly sour to the tongue, will evolve 
more electricity in one-twentieth of a minute than i» 
given by thirty turns of a larse and powerfdl plate elec-^ 
Seal niSin fuU acti.^q«an^ ^Mdjif pasaed 
through the head of a cat, is sufficient to kill it as by a 
flash of lightning. Pursuing this interesting inquiry 
yet further, it is found that a srugle grain of water con* 
tains as much electricity as could be accumulated in 
800,000 Leyden jars, each requiring thirty turns of the 
large machine of the Boyal Institution to ohaj^ it, — 
a quantity equal to that which is developed from a 
charged tibunder-doud. " Yet we have it under perfect 
command,— can evolve, direct, and employ it at plea* 
sure; and when it has performed its fuU work dfdectro- 
lisation, it has only separated the elements of a single 
grain of water/' 

It has been aigued by many that the realities of 
sdence will not admit of anything like a poetic view 
without degrading its high office; that poetry, being^ 
the imaginative side of nature, has nothing in common 
with the facts of experimental research, or with the 
philosophy which generalises the discoveries of severe 
induction. If our science was perfect, and laid bare to 
our senses all the secrets of the inner world; if our 
philosophy was infallible, and always connected one &ct 
with another through a long series up to the undoubted 
cause of all — ^then poetry, in the sense we now use the 

* EsBpermentai Researches z Faraday. 
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term, would have littiie business with the tnith; it 
would, indeed, be lost or embodied, like the stars of 
heayen, in the brightness of a meridian sun. But to 
take our present bet as an example, how important a 
foundation does it offer upon which to build a series of 
thoughts, capable of lifting the human mind above the 
materialities by which it is surrounded, — of exalting 
each common nature by the refinement of its firesh ideas 
to a point higher in the scale of intelligence,—- of quick- 
ening every impulse of the soul, — ^and of giving to 
mai^ind the most holy longings. 

What does science tell us of the drop of water? Two 
gases, the one exciting life and quickening combustion, 
the other a highly ioflammable air, are, by the influence 
of a combination of powers, brought into a liquid globe. 
We can, from this crystal sphere, evoke heat, light, 
electricity, and actinism in enormous quantities; and 
bejrond these we can see powers or forces, for which, in 
the poverty of our ideas and our words, we have not 
names ; and we learn that each one of these principles 
is engaged in maintaining the conditions of the drop of 
water which refreshes organic nature, and gives glad- 
ness to man's dwelling-place. 

Has poetry a nobler theme than this ? Agencies are 
seen like winged spirits of infinite power, each one 
working in its own peculiar way, and ail to a common 
end, — ^to produce, under the guidance of omnipotent 
rule, the waters of the rivers and the seas. As the 
great ocean mirrors the bright heaven which overspreads 
it, and reflects back the sunlight and the sheen of the 
midnight stars in grandeur and loveliness; so every 
drop of water, viewed with the knowledge wUch science 
has given to us, sends back to the mind reflections of 
yet distant truths which, rightly followed, will lead us 
upwards and onwards in the tract of higher intelli- 
gences, — 

''To the abodes where the eternals are.'* 
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lu the discoverieB connected with electricity^ we have 
results of a more tangible character than are as yet con- 
nected with the other physical forces ; and it does appear 
that this science has advanced our knowledge of nature 
and of the mysteries of creation &r more exten- 
sively than any other department of purely experimental 
inquiry. 

The phenomena of electro-chemical action are so 
strange that we must return for a moment to the con- 
sideration of the decomposition of water, and the 
appearance of hydrogen at one pole, and of oxygen at 
the other. It appears that some contusion of our ideas 
has arisen &om the views which have been received of 
the atomic constitution of bodies. We have been 
accustomed to regard water, — ^to take that body as au 
example of all, — as a compound of two gases, hydrogen 
and oxygen ; an equivalent, or one atom of the &st, 
imited to an equivalent or one atom of the last, 
forming one atom of water. This atom of water we 
regard as iofinitely small ; consequently a drop of water 
is made up of many hun^ds of these combined atoms, 
and a pint of water of not less than 10,000 drops. Now, 
if this pint of water is connected with the wires of 
a galvanic battery, although their extremities may be 
some inches apart, for every atom of oxygen liberated at 
one pole, an atom of hydrogen is set &ee at the other. 
It has been thought that an atom has undergone 
decomposition at one point, its oxygen being torn from 
it, and then there has arisen the difficulty of sending 
the atom of hydrogen through all the combined atoms 
of water across to the other pole. A series of decom- 
positions and recompositions have been supposed to take 
place, and the communication of effects from particle to 
particle. 

An attracting power for one class of bodies has been 
found in one pole, which is repellent to another class ; 
and the reverse order has been detected at the opposite 
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pole of a galvanic arrangement.* That is^ the unre 
wMch carries the current from an excited zinc plate 
has a relation to all bodies, which is directly opposite to 
that which is exhibited by the wire conveying the cur- 
rent from, or completing the circuit with, the copper 
plate. The one, for instance, collects and carries acids 
and the like, the other the metallic bases. At the 
extremity of one galvanic wire, placed into a drop of 
water, oxygen is always liberated ; and at the end of 
the other, necessary to complete the circuit with the 
battery, hydrogen is set free. 

It appears necessary, to a dear understanding of 
what takes place in this experiment, that we should 
regard each mass, howsoever large, as the representative 
of a single atom. Nor is this difficult, as the following 
illustration will show. 


* The appearance of acid and alkaline matter, in water acted 
ou by a current of electricity, at the opposite electrified metallic 
surfaces, was observed in the first chemical experiments made 
with the column of Volta — (see Nicholson's Journal, vol. iv. p. 
188, and vol. iv. -p. 261, for Mr. Oruickshank's Experiments ; and 
Annales de Ghimie, torn, xxxvii. p* 233, for those of M. Desormes) : 
On some Chemical Agencies in Electricity : by Sir Humphry Davy. 
— ^Philosophical Transactions for 1807. Tlie various theories of 
electro chemical decomposition are carefully stated by Faraday, in 
his fifth series of Experimentml Researches on Electricity, in which 
he thus states his own views : — " It appears to me that the effect 
is produced by an internal corpuscular action exerted according' 
to the direction of the electric current, and that it is due to a force 
either superttdded to or giving direction to the ordinary chemicai 
affinity of the bodies present. The body under decomposition 
may be considered as a mass of acting particles, all those which 
are included in the course of the electric current contributing to 
the final effect ; and it is because the ordinaiv chemical affinity 
is relieved, weakened, or partly neutralized by uie influence of the 
electric current in one direction parallel to the course of the 
latter, and strengthened or added to in the opposite direction, that 
the combining particles have a tendency to pass in opposite 
courses." 
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Let US take (me particle of common salt {chloride of 
sodium) weighing less than a grain, and pnt it into a 
hundred thousand grains of distilled water. In a few 
minutes the salthas diffused itself throughthewholeof the 
fluid, and in every drop we can detect ddorine and soda. 
We cannot believe that this grain of salt has split itself 
up into a hundred thousand pdxts; we conceive rather 
that the phenomenon of solution is one of diffusion. 
One infinitely elastic body has interpenetrated with 
another. 

Instead of an experiment with a pint €i water, let us 
take our stand on Dover heights, and, with a gigantic 
battery at our command, pLu^ one wire into the ocean 
on our own shores, and convey the oth^ through the 
^ across the channd, and let its extremity dip into the 
■sea off Calais pier — ^the experiment is a practicable one 
— ^we have now an electrical circuit of which the Britisb 
ohannel forms a part, and the result will be exactly the 
same as that wMch we may observe in a watch-glass 
with a drop of water. 

We cannot sappose that the instantaneous and 
simultaneous effect which takes place in the water at 
Calais and at Dover, is due to anything like what we 
have studied under the name of convection, when 
<x)nsidering Heat. 

A thousand balls are placed in a line touching eacb 
other; the first ball receives a blow, and the last ball 
flies off with a force exactly equal to the power applied 
to the first; none of the int^mediate balls being 
moved. 

We cannot conceive that the particle A excites the 
particle B next it, and so on through the series between 
the two shores ; but regarding the channel as one lai^e 
drop, chai^d with the electric principle as we know it 
to be, it is excited by undulation or tremor throughout 
its width, and we have an equivalent of oxygen thj*own 
off on one side of the line, and an exaict equivalent of 
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hydrogen at the other^ the electro-chemical influence 
being exerted only where the current or motion is 
transferred from one medium to another.* The im- 
i^erfect character of this view is freely admitted: no 
Uer, consistent mth kno^ facts, p4ents itself by. 
which the effect can be explained. The fact stands as a 
truth ; the hypothesis by which it is attempted to be 
interpreted is open to doubt^ and it is opposed to some 
faTOurite theories. 

Before we pass to the consideration of the other 
sources of electricity, it is important we should under- 
stand that no chemical or physical change, however 
slight it may be, can occur without the development of 
electrical power. If we dissolve a salt in water, if we 
mix two fluids together, if we condense a gas, or convert 
a fluid into vapour, electricity is disturbed, and may be 
made manifest to our senses.f 

It has been shown that this power may be excited by 
friction (machine electricity) and by chemical action 
(voltaic electricity, galvanism) ; it now remains to speak 
of the electricity developed by heat (thermo-electricity), 
the electricity exhibited under nervous excitement by 

* " This capital discovery (chemical decomposition of electricity) 
appears to have been made in the first instance by Messi-s. 
Nicholson and Carlisle, who observed the decomposition of water 
80 produced. It was speedily followed up by the still more impor- 
tant one of Berzelius and msinger, who ascertained it as a general 
law, that, in all the decompositions so effected, the acids and 
oxygen become transferred and accumulated around the positive^ 
and hydrogen, metals, and alkalies around the negative, pole of a 
voltaic circuit ; being transferred in an invisible, and, as it were» 
a latent or torpid state, by the action of the electric current, 
tlirough considerable spaces, and even through large quantities of 
water or other liquids, again to reappear with all uieir properties 
at their appropriate resting-places. — Discourse on the Study of 
Natural Philosophy : by Sir John Herschel, Bart., F.R.S. 

f Numerous oeautiful illustrations of this fact will be found in 
BecquereFs Traiti Escpirimenial de TElectrkite et du Magnitisme 

P 
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fhe gynmotua and torpedo (animal electricity) ; magne-^ 
tism and its phenomena being reserved £6r a separate 
ocHisideration. 

If a bar of metal is wanned at one end and kept cool 
at the other^ an electrical carrent circulates through the 
hajt, and may be carried off by connectiooa with any 
good conductor^ and shown to exhibit the properties oT 
ordinary electricity. Hie metals best suited for showing^ 
the effects of tliermo-electricity appear to be bismuth 
and antimony. By binding two bars of these metals- 
together at one end, and connecting tibte other ends with 
a galvanometer, it will be discovered that an electric 
current passes off through the instrument by ther 
slightest variation of tonperature. Merely clasping- 
the two metals, where bound together, wiUi the finger 
and thumb, is sufficient to exhilnt the phenom^ion. 
By a series of such arrangements,— which form what 
have been called thermo-electric multipliers, — we 
obtain the most delicate measurers of heat with which 
philosophers are acquainted, by the aid of which 
Melloni has been enabled to pursue his beautifaL 
researches on radiant caloric. 

That this electricity is identical with the other forms^ 
has been proved by employing the current thus excited 
ibr the purpose of producing chemical decomposition, 
magnetism, and electric light.* 

The ph^iomenon of thermo-electricity — ^the discovery^ 

* S6e!l>F(0«/2i^ei»fatr«of TAbbeNoIIet; Le9ons de Physique^ 
torn. vi. p. 262; Du Powoir tkermoilectrique, by M. Becquerel— 
Annales de Ghimie, vol. xli. p. 853 ; also a Memoir by Nobilv 
Bibliotheque UniTerselle, vol. xxxvii. p. 15; Experimental Con- 
^ributums towards the theory of The^no-Electrieity by Mr. J» 
Prideaux — ^Philosophical Magazine, vol. iii., Third Series ; On the 
J%erma-Maynetism qf Homogeneous Bodies, with Ukutrative expe- 
rimentSf by Mr. WiDiam Sturgeon — Philosophical Magazine, vol. 
X. p. 1^116, New Series. Botto made magnets and obtuned 
chemical decomposition. Antinori produced the spark. Mr:. 
Watkins heated a wire in Hairis's Thermo-£lectrometer. 
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of Seebeck^is another proof of the very ckwe oonnection 
of the physical forces. We witness their being resolved 
as it were into each other^ electricity producing heat, 
and heat again electricity ; and it is from, ihese curious 
results that the arguments in favour of their intimate 
rdations and actual identity have been drawn. It will, 
however, be found to be the best philosophy to regard 
these forces as dissimilar, until we are enabled to prove 
them to be only modified forms of one principle or 
power. At the same time it must not be foi^tten that 
in natural operations we invariably find the comlmied 
action of several forces producing a single phenomenon. 
The important fact to be particularly regarded is, that 
we have evidence that every substance which is un- 
equally heated becomes the source of this very remark- 
able form of electricity.* 

There exist a few fishes gifted with the very ex- 
traordinary power of producing electrical phenomena 
by an effort of muscukr or nervous energy. 

The Gymnotus electricus, or electrical eel, and the 
Rata torpedo, a species of ray, are the most remarkable. 
This power is, it would appear, given to these curious 
creatures for purposes of d^nce, and also for enabling 
thi^n to secure their prey. The Gymnotus of the South 
America rivers, will, it is said, when in full vigour, send 
forth a dischai^e of electricity sufficiently powerful to 
knock down a man, or to stun a horse ; while it can 
destroy fishes, through a considerable space, by exert- 
ing its strange artiUery.t 

Faraday's description of a Gymnotus, paralyzing and 

* A very ingenious application of the knowledge of this fact was 
su^ested by Mr. Solly, 1^ which the heat of a fumafse could be 
constantly registered at a veiy considerable distance from it See 
Xkseri^um of an Electric Thermometer: by E. Solly, Jun., 
Esq. Philosophical Magazine, voL xx. p, 391. New Series. 

t Humboldt; Personal NmrraUney Chap. xviL— Annales do 
Ghimie, toL xiv. p. 15. 
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seixixig its prey^ is too graphic and important to be 
omitted. 

''The Gymnotus can stun and kill fish which are in 
very yaridns positions to its own body ; butononeday, 
when I saw it eat/ its action seemed to me to be 
peculiar. A hve fish^ about five inches in length, 
caught not half a minute before^ was dropped into the 
tub. The Gymnotus instantly tinned round in such a 
manner as to form a coil, inclosing the fish, the latter 
representing a diameter across it ; a shock passed, and 
there, in an instant, was the fish struck motionless, as 
if by lightning, in the midst of the waters, its side 
floating to the light. The Gymnotus made a turn or 
two to look for its prey, which, having found, he bolted, 
and then went about searching for more. A second 
smaller fish was given him, which being hurt in the 
conveyance, showed but littiie signs of life, and this he 
swallowed at once, apparently without shocking it. The 
coiling of the Gymnotus round its prey had, in this case, 
every appearance of being intentional on its part, to 
increase the force of the shock, and the action is evi- 
dently well suited for that purpose, being in full 
accordance with the well-known laws of the discharge 
of currents in masses of conducting matter; and though 
the fish may not always put this artifice in practice, it is 
very probable he is aware of its advantages, and may 
resort to it in cases of need.^'* 

Animal electricity has been proved to be of the same 
character as that derived from other sources. The 
shock and the spark are like those of the machine ; and 

* Expermmtal Researches on EleetricUy. Series xv. Consult 
Sir Humphry Davy : An AceomU qfsome ISwpeHments on the Tor- 
pedo, — Fnilosophical Transaotions, 1829, p. 15. John Davy, M.D., 
F.B.S. : An Accouni qfsome Ewperiments and Observations on the 
Torpedo, ibid., 1833, p. 269 ; and the same auUior's Observations 
on the Torpedo, with an Account of some Additional Experiments on 
its Electncity: and Matteuod, Biblio^egue UniverBelle, 1837, 
voL zii. p. 174. 
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the cunent from the animal^ circulating aroiind soft 
iron^like galvanic electricity, has the property of render- 
ing it magnetic. 

It is important that we should now review these 
conditions of electrical force in connexion with the great 
physical phenomena of nature. 

It is sufficiently evident, from the results which have 
been examined, that all matter, whatever may be its 
form or condition, is for ever under the operation of the 
physical forces, in a state of disturbance. From the 
centre to the surface all is in an active condition : a 
state of mutation prevails with every created thing ; and 
science clearly shows that influences are constantly in 
action which prevent the possibiUly of absolute repose. 

Under the excitement of the several agencies of the 
solar beams, motion is given to all bodies by the circu- 
lation of heat, and a full flow of electricity is sent 
around the earth to perform its wondrous works. The solar 
influences, which regulate, and possibly determine, every 
physical force with which we are acquainted, are active 
in effecting an actual change of state in matter. The 
sunbeam of the morning falls on the solid earth, and its 
influence is felt to the very centre. The mountain-top 
catches the first ray of light, and its base, still wrapt in 
mists and darkness, is disturbed by the irradiating 
power. The crystalHne gems, hidden in the darkness of 
the solid rock, are dependent, for that form which 
makes them valued by the proud and gay, on the 
influence of those radiations which they are one day to 
refract in beauty. The metals locked in the chasms of 
the rifted rocks are, for all their physical peculiarities, 
as dependent on solar influence as is the flower which 
lift» its head to the morning sun, or the bird which sings 
" at heaven's high gate.'' , 

Let us, then, examine how far electricity, as dis- 
tinguished from the other powers, acts in producing any 
of these effects. 
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We find electricity in the atmosphere, which the 
electrical kite of Dr. Franklin proved to be identical 
with that principle produced by the friction of glass. In 
the grandeur and terror of a thunderstorm, many see 
nothing but manifestations of Almighty wrath. When 
the volleys of the bursting cloud are piercing the 
disturbed air, and the thunders of the discharge are 
pealing their dreadful notes above our heads, the 
chemical combinations of the noxious exhalations 
arising from the putrefying animal and vegetable 
masses of this earth are effected, elements fitted for the 
purposes of health and v^etation are formed, and 
brought to the ground in the heavy rains which usually 
follow these storms. Science has taught man this: — ^has 
shown him that the '^ partial evil'' arising firom the 
'* winged bolt" is a "universal good;'' and, more than 
this, it has armed him with the means of protecting his 
life and property firom the influence of lightnings. So 
that, like Ajax, he can defy the storm. By metallic 
rods: camedVa chmmey7a tower, or a ™i, we nray 
form a channel through which the whole of the 
electricity of the most terrific thimder-cloud may be 
carried harmlessly into the earth or the sea; and it is - 
pleasing to observe that at length prejudice has been 
overcome, and '* conductors" are generally attached to 
high buildings, and to njiost of the ships of our navy.^ 
It was discovered that the devastating hailstorms of the 
south of France and Switzerland, so destructive to the 
vinqrards and crops, were accompanied by evidences of 
great electrical excitation, and it was proposed to dis- 
diarge the electricity from the air by means of pointed 
metidlic rods. These have been adopted, and, it is said, 

* On Lightning Conductors^ hj Sir William Snow Harris ; 
Observatunu on ike Action of IMtnmg Cenducfon^ by W. Snow 
Harris, Esq., F.B.S. — ^Lqndon £lectricai Society's Tranaaetiaas. 
Numerous valuable papers On Electricity y by Sir William Hacrui^ 
will be found in the Thilosopb leal Transactions. ' 
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"vrith real advaotage— each rod protecting an area of one 
hnndred yards. Thus it is that science ministers to our 
service ; and how much more pleasing is it to contem- 
plate the lightning, with the philosopher, as an agent 
destroying the elements of pestilence, and restoring the 
healthfiihiess of the iir we breathe, than with the 
romancer, to see in it only Ihe dreaded aspect of a 
demon of destruction. 

The laws which r^ulate the spread of a pestilence 
are nnknown. The difficulties of the investigation are 
^eat, but Ihey are by no means insurmountable. A 
plague passes from the east to the west across the world 
— it spreads mourning over the gayest cities, and sorrow 
«itteth in the streets. The blacdc death rises in the 
Orient: it goes on in unchecked strength, and only 
£nishe8,its course when it has made the drcoit of the 
<dvilized world. The cholera si»reads its ebon wings — 
mankind trembles — watches its pr<^ess, and looks 
upon the path which is marked by the myriads of the 
dead, who have fallen before the dire fiend. The 
diseases pass away — ^the dead are buried, and all is 
forgotten. The rush and the riot of life are pursued: 
:and until man is threatened with another advent, he 
42ares not to trouble himself. Accompanying the last 
visitation, there appear certain peculiar meteorological 
•conditions, which point a line of inquiry. It may or 
may not be the path which leads to the truth, but 
<;ertainly its indications are worthy of carefial ex- 
lamination. It may be asked, can weak man stop a 
pestilence; can a mortal's puny hand retard the afflic- 
tions of the Almighty ? The question asked— it must 
be answered in reverence, yet without fiear. No 
human power can produce a change in the physical con- 
ditions of the eartii, or of the air; and if our diseases 
;are oonnerted with those changes, as beyond all doubt 
^ number of fhem are, thef lie above man's control. 
JSut when there are indications that causes secondary to 
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tliese are producing some dire effect, and when we 
■know that these secondary causes may be modified^ it is 
sufficient evidence to prove that man is permitted to 
control thus far the aflSictionfl which are sent to try his 
powers. 

We find a disease winging its way &om lane to alley 
and closed court, sweeping with destructive violence its 
way through damp cellars and crowded attics ; it is rife 
with mischief along the banks of reeking ditches, and 
on the borders of fflthy streams. Certain it is, therefore, 
that some ultimate connexion exists between the con- 
ditions of dirt and this speedy death. Can science tell 
of, these? has it yet searched out the connecting link? 
Let the question be answered by a few facts. 

When the cholera first made its appearance, and 
subsequently, it has been observed that the electrical 
intensity of the atmosphere was unusually low. 

The disease has departed, and it is tiben found that 
the electricity of the air has been restored to its ordinary 
condition. 

This appears to show some connexion ; but how do 
these conditions link this physical force with the ditch- 
seeking disease? 

From all stagnant places, from all the sinks of over- 
crowded humanity, from fermenting vegetable and fit>m 
putrefying animal matter, there are constantly arising 
poisonous exhalations to do their work of destruction. 

Where death and decay is a law, this must of necessity 
constantly occur; but the poisonous reek may be dif- 
fused, or it may be concentrated, and Nature has pro- 
vided for this, and ordered the means for rendering the 
poison harmless. 

By the agency of electricity,^ — ^probably, too, by the 
influence of light, — ^the oxygen in the air undei^oes A 
peculiar change, by which it is rendered &r more ener« 
getic than it is in its ordinary state. This is the con- 
dition to which the name of ozone has been applied. 
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Now, -this ozone, or this peculiar oxygen, always exists 
in tlie air we breathe ; but its quantity is subject to great 
and rapid variations. It is found that when electrical 
intensity is high the quantity of this principle is great ; 
when the electrical intensity is low, as in the cholera 
years, the proportion of ozone is relatively low. 

This remarkable chemical agent possesses the power 
of instantly combining with organic matter, — of re- 
moving with singular rapidity all noxious odours ; and 
it would appear to be the nrost active of all known 
disinfectants. 

May we not infer from the facts stated that the pes- 
tilence we dread is the result of organic poison, which 
from a deficiency of ozone, — ^its natural antidote, — exerts 
its banefcd influences on humanity. This deficiency is 
due to alterations in the electrical character of the air, 
possibly dependent upon phenomena taking place in the 
sun itself, or it may be stiU more directly influenced by 
variations in the character of solar light, which we have ' 
not yet detected, by which the conditions of the electric 
power are determined. 

This may be a line along which it is fair to push en- 
quiry. But such an enquiry must be made in all the / 
purity of the highest inductive philosophy, and specu- ^ 
lation must be held firmly in the controllmg chains of ^' 
experiment and observation. In the truths, however, / 
which are known to us, there is so much harmony and /^ 
consistence that even the melancholy theme links itself '^ 
— a tragedy — ^with the Poetry of Science. 

It has been thought^ and much satisfSactory evidence \ 
has been brought forward to support the idea, that the V 
earth's magnetism is due to currents of electricity V<, 
circulating around the globe ; as a great natural current 
from east to west — ^that, indeed, it has an unvarying 
reference to the motion of the earth in relation to the sun.'*^ 

* Adopting, to a certain extent, this view, Faraday, in his 
Eleetrieal nomenclature^ proposed for the word pole to substitute 
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These terrestrial corr^ats^ as they have without doubt 
a very important bearing on the structural conditions 
of the rock-formations and the distribution of minerals^ 
require an attentive consideration; but we must^ in tihe 
first place^ examine^ as far as we know^ tiie influences 
exerted^ or supposed to be exerted, by electricity^ in its 
varied forms. 

The phenomena of vitality have, by many, been con* 
sidered as immediately dependent upon its influence ; 
and a rather extensive series of experiments has been 
made in support of this hypothesis. The researches 
.f Phifip onTe action of th^rgans of digestion, when 
separated firom their connection with the brain, bat 
tmited with a galvanic battery, have been proved by 
Dr. Beid to be delusive ;* since, as the organ is not 

4MO(2f ((bw, vmwards^ and i^s, a wa^f), ih« way which the son rises; 
and cathode (Kcrr^ downwards, and Ms, u way), the wav which the 
sun sets. The hypothesis belongs essentidly to Ampere. Obfeo-- 
4ions to the Theories severally of Franklin, Dufay, and Amph^e, with 
an Effort to Explain Electrical Phenomena by Statical or Undtdatory 
Polarisation, by Eobert Hare, M.D., Pennsylvania, wUl well repay 
4m attentive perusal. 

* Inquiry mto the Laws of the Vital Functions. — Philosophical 
Transactions, 1815, 1822 ; Some Observations relating to the Func- 
tions of Digestion, ibid., 1829 : On the Powers on which the /Vmo 
tions of life in the more perfect animals depend, and on the manner 
1 1 iMeh they are associated in the prodnetion of their more eom^ 
liicated resuUs, byA.P. W. PhiUp, M.D., F.iLS., L. and E,— 
I ".e following extract from the last-quoted of Dr. Philip's Memoirs^ 
,vw\ giye ^ general view of the concmsions of that eminent physio- 
i ;lst: — " With respect to the nature of the powers of the living 
J mal which we have been (xmsideiing, the sensorial and mus- 
calar powers, and the powers peculiar to living blood, we have 
ound belong to the living animal alone, all their peculiar proper- 
les being the properties of life. Hie functions of life may be 
divided*into two classes, those which are a€fected by the properties 
of this principle alone, and those, by far the most numeraos class, 
which result from the ooK>peration of these properties with those 
of the principles which operate in inanimate nature. The nervous 
power we have found to be a modification of one of the latter prin- 
-ciples, because it can exist in other textures than those to -mmAi 
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removed from the influence of ihe living prmciple^ it is 
quite evident that the electricity h^re is only secondary 
to some more important power. Matteucci has en- 
dearonred to show that nervous action is intimately 
connected with electric excitation^ and that electricity 
may be made a measurer of nervous iritability.* There 
can be no doubt that a peculiar susceptibility to excite- 
meat exists in some systems^ and this is very strikingly 
shown in the disturbances produced by electric action ; 
but in the experiments which have been brought for- 
ward we have only the evidence that a certain number 
of muscular contractions'are exhibited in one animal by 
a current of electricity^ ff^yix^ a measured effect by the 
voltameter^ which are different from those produced 
upon another by a current of the same power. An 
attempt has recently been made by Mr. A. Smee to 
reduce the electrical phenomena connected with vitality 
to a more exact system than had hitherto been done* 
We cannot^ however^ regard the attempt as successfuL 
The author has trusted almost entirely to analogical 
zeasoning^ which is in science always daiigeraas.t In 
the development of electricity during the.^operation of 
the vital force^ we see only the phenomena produced 
by the action ck any two dissimilar chemical compound!^ 

it belongs in the living animal, and we can substitute for it one of 
those principles without disturbing the functions of life. 

" Late discoveries have been gradually evincing how far more 
extensive than was supposed, even a few years- ago, is the domi* 
nion of electrieity. Magnetism, chemical affinity, and (I believe 
from the facts stated in the icategomg paper, it mil be impossible 
to avoid the conclusion) the nervous influence, the leading power 
in the vital functions of the animal frame, properly so called, appear 
all of them to be modifications of this apparently universal agent ; 
for I may add we have already some glmipses of its still more ex* 
tensive doiiiinion.'' 

Befer to Dr. Beid's papers. 

* Electrophysiologieat Researches : by Signer Carlo Matteuod ; 
Phil. Trans. 1845, p. 293, and subsequent years. 

t Electro-Biology: byAl&ed Smee, Esq. 
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upon each other. It has been thought that the structure 
of the brain presents an analogy to that of the galyanic 
battery, and the nerves represent the conducting wires. 
Although^ however^ some of the conditions appear 
simikr, there are many which have no representatives 
in either the mechanical structure or the physical 
properties of the brain^ so far as we know it. Thai the 
brain is the centre, the source, and termination of sen. 
sation is very clearly proved by physiological investi- 
gations. That the nerves are the media by which all 
sensation is conveyed to the brain, and also the instm- 
ments by which the will exerts its power over the 
muscles, is equally well established. But to say that we 
have any evidence to support the idea that electricity 
has aught to do directly with these great physiological 
phenomena, would be a bold assertion, betraying a want 
of due caution on the part of the investigator. That 
electric effects are developed during the operations aS 
vitaUty is most certain. Such must be the case, £rom 
the chemical changes taking place during respiration 
and digestion, and the meohimical movements by which, 
even during external repose, the necessary functions of 
the body are carried on. Whether electricity is the 
cause of these, or an effect arising from them, we need 
not step to examine, as this is, in the present state of 
our ki>j^ieji^;e»» mere speculation. We have no evi- 
dence tui^f o Electricity is an exciting power, but rather 
that it is one of those forces which tend to establish 
the equilibrium of matter. When disturbed — when ita 
equilibrium is overset — ^it does, in its efforts to regain 
i1» stability, produce most remarkable effects. An 
electrical madune must be rubbed to exhibit any force. 
In all galvanic arrangements, even the most simple, 
dissimilar bodies are brought together, and the latmit 
electricity of both is disturbed ; and, even in the magnet, 
it is only when this takes place that its electrical powers* 
are developed. In the Gymnotus, electricity appeare to 
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be dependent upon the power of tlie will of the animal; 
but even in this extraoidinary fish^ it is only under pe- 
culiar conditions that the electrical excitement takes 
place^ and ^^what they inflict^ they fee?' during the 
restoration of that equilibrium which is necessary to 
their healthy state. In every case, therefore, we see 
that some power far superior to this is the ultimate 
cause ; indeed, light and heat, and probably actinism^ 
appear to stand superior to this principle ; and on these, 
in some combined mode of action, in all probability, 
sensible electricity is dependent. Beyond even these 
elements, largely as they are engaged in the organic 
and inorganic changes of this world, there are occult 
powers which may never be understood by finite beings. 
We advance step by step from the most solid to the 
most ethereal of material creations, and we examine a 
series of extraordinary effects produced by powers which 
we know not whether to regard as material or imma- 
terial, so subtile are they. On these, it appears, we 
may exhaust our inductive investigations — ^we may dis- 
cover the laws by which these principles act upon the 
grosser elements, and develope phenomena of a very 
remarkable kind which have been unobserved or mis- 
understood. Whether light, heat, and electricity are 
modifications of one power, or different powers very 
closely united in action, is a problem we .'^^^y possibly 
solve ; but to know what they are, appears ' ^c beyond 
the hopes of science; and it were idle to dream of 
elucidating the causes hidden beyond these forces, and 
by which they Bat regulated in all their actions on dead 
or Kving matterT 

M. Du Bois Raymond, from a series of researches 
remarkable alike for their difficulty and the deUcacy 
with which they have been pursued, draws the following, 
amongst many others, as his conclusions as to the coi--- 
nection of electricity and vital phenomena. 

The muscles and nerves, including the brain and the 
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spinal chords are endowed during life with m electio- 
motive power^ which acts according to a definite law. 

The electromotive power lasts cypter death, or in dis- 
sected nenres and m\iscles after separaticm fix>m the 
body of the animal^ as long as the excitability of the 
neryons and mnscular fibre; .whether these fibres are 
permitted to die gradually firom.the cessation of the 
conditions necessary to the support of life^ or whether 
they are suddenly deprived of their vital properties by 
heat or chemical acticai. 

Let us not suppose for a moment that these con- 
clusions indicate in the remotest degree that electricify 
is life^ — that vital power is due to electricity. 

During life^ with every motion^ and/ indeed, with 
every emotion^ whether we move a muscle or exert the 
mind^ there is a change of state. The result of this is 
. chemical phenomena, — ^heat and electricity; but these are 
not life. We excite them equally by giving motion to 
a dead mass.- 

Notwithstanding the assertions of those who haye 
zealously followed the path of Mesmer^ and examined^ 
or thejr have thought so^ the psychological effects de- 
pendent upon some strange physiolo^cal conditions^ 
there is not an experiment on record, — ^there is not an 
observation worthy of credit, which shows that elec- 
tricity has any connection with their residts. All around 
their subject is uncertainty: doubt involves every 
experiment, and deception clouds a large number. 
Some few grains of truth, and these are sufficiently 
strange, are mixed up in an enormous jptss of error. 

All the phenomena of Ufe^— of the ms vit^e or vitality^ 
are beyond human search. All the physical forces^ or 
elements, we may examine by the test of experim^it : 
but the principle on which sensation depends, the prin-^ 
ciple even upon which v^etable life depends, cannot 
be tested. Life is infinitely superior to every physical 
force; it holds them all in control^ but is not itself 
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ocmtxolled by them; it keeps its state sacred from 
human search^ — the invisible hidden . behind the veil of 
mortality. 

Dlinog changes in the electrical conditions of the 
earth and atmosphere^ vegetables give indications of 
being in a peculiar manner influenced by this power. 
It is proved by experiments that the leaves of plants 
are among the best conductors of electricity^ and it 
has hence been inferred that it must neces^Eirily be 
advantageous to vegetation. That vegetable growth 
is, equdly with animal growth, subject to electricity,, 
as one of its quickening powers, must be admitted; 
but all experiments which have been fairly tried with 
the view oi stimulating the growth of plants by its^ 
agen<7, have given resiolts of a negative character.^ 
That a galvanic arrangement may produce chetnical 
changes in the soil, whidi may be advanti^eous to the 
plant, is probable; but that a plant can be brought to 
maturity sooner, or be made to develope itself more 
completely, under the direct action of electrical exci- 
tation, appears to be one of those dreams of science^ 
which will have a place amongst the marvels of alchemy 
and the fictions of astrology. An aii;entive examination 
of all the conditions necessary for the satisfact(»7 de- 
yeloinnent of the plant, will render it evident, that 
although the ordinary electrical state of the earUi and 
atmosjliere must influence the processes of germination 
and vegetable growth, yet that any additional excitement 
must be destructive to tibem. The wonders wrought by 
dectrical power, are marveUous; a magic influence is 

* Observations of Electric Currents in Vegetable Structures : by 
Golding Bird, Esq., F.L.S.; Magazine of Natural History, vol. x. 
p. 240. In this paper Dr. Bird remarks that his experiments lead 
to the conclusion that vegetables cannot become so charged with 
electricity as to afford a spark ; .that electrical currents of feeble 
tension are always circulating in vegetable tissues; and that elec- 
trical currents are developed during germination from chemical 
action. 
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exerted by it^ and naturally the inqniring mind is led 
at first to believe that electricity is the all-powerfal 
principle of creation ; but a little reflection mil serve 
to convince us that it is a subordinate agent^ although 
a powerful one. 

In proceeding with our examination of the phe- 
nomena which present themselves in connection with 
the terrestrial currents^ we purposely separate mag- 
netism from those more distinct electro-chemical agen- 
cies which play so important a part in the great cosmical 
operations. 

Electricity, we have already stated, flows through or 
involves all bodies ; but, hke heat, it appears to undergo 
a very remarkable change in becoming associated with 
some forms of matter. We have the phenomena of 
magnistism when an electric current circulates through 
a metallic wire, and it would appear that all other bodies 
acquire a pecuUar polar condition under the influence of 
this principle, which will be explained in the next chapter. 

The rocks, taken as masses, wiU not conduct an 
electric current when dry : granite, porphyry, slate, and 
limestone, obstructing its passage even through the 
smallest spaces. But all the metallic formations admit 
of its circulating with great freedom. This fact it must, 
however, be remembered does not in any way interfere 
with the hypothesis of the existence of dectricity in aU 
bodies, in what we must regard as its latent state, from 
which, under prescribed conditions, it may be readily 
liberated. Neither does it affect the question of circu- 
lation, in relation to the great division of electricity 
which we suppose to exist through all nature, and to 
move in obedience to some fixed law. We know that 
through the superficial strata electric currents circulate 
freely, whether they are composed of day, sand, or any 
mixture of these with decomposed oi^anic matter; 
indeed, that with any substance in a moist state they 
suffer no interruption. 
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The electricity of mineral veins has attracted much 
attention^ and numerous investigations into the pheno- 
mena which these metalliferous formations present^ have 
been made from time to time.^ 

By inserting into the mass of a copper lode, or vein^ in 
situ^ a metallic wire^ which shall be connected with a mea- 
surer of galvanic action^ a wire also &om the instrument 
being brought into contactwithanother/oe/e^an immediate 
effect is generally produced^ showing that a current is 
traversing through the wires from one hde to the other^ 
and completing the circulation probably over the dark 
face of the rock in which the fissures forming the 
mineral veins exist.f The currents thus detected «re 
often sufficiently active to deflect a magnetic needle 
powerfully, to produce, slowly, electro-chemical decom- 
position, and to render a bar of iron magnetic. These 
currents must not be confounded with the great 
electrical movements arouud the earth. They are 
only to be detected in those mineral formations in which 
there is evidence of chemical action going on, and, the 
greater the amount of this chemical operation, the more 
energetic are the electrical currents.]: We have, how- 

• 

* On Mineral Veins: by Bobert Were Fox, Esq. ; Fourth Be- 
port of the Boyal Cornwall Polytechnic Society. On the Electro- 
magnetic Properties qf MetdUtferout Veins in the mines of Cornwall : 
by Bobert W. Fox, Esq. ; Phil. Trans. 1830, p. 399. 

f Eaeperiments and Obtervations on the Electricity of Mineral 
Vtins : by Bobert Hunt and John Phillips ; Beports of the Boyal 
Cornwall Polytechnic Society for 1841 42. On the Electricity of 
Mineral Veins : by Mr. John Arthur Phillips ; Ibid., 1843. 

I In the lead lodes of Lagylas and Frongoch, electrical currents 
were detected by Mr. Fox, but none in those of South Mold and 
Miltor, in Flintshire : Cornwall Geological Transactions, vol, iv. 
In the lead veins of Coldberry and Sheers ^ in Teasdale, Durham, 
the currents detected were very feeble : B,^ports of the Bristol As- 
sociation, 1838. Yon Strombeck could detect no electric currents 
in the veins worked in the clay slate near Saint Goar, on the 
Bhine : Archiv. fiir Mineralogie. Geognosie, &c., von Dr. C. J. B 
Karsten, 1833. Professor Belch, however, obtained very decided 
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ever, very good evidence that these local currents have^ 
of tiieinadves, many peculiar influences. It not unfi«- 
quently happens that owing to some great disturbance 
of the crust of the earth, a mineral vein is dislocated, 
and one part either sinks below, or is lifted above its 
original position ; the fissures formed between the two 
being usually filled in with clay or with crystalline 
masses of more recent formation than the fissure itself. 
It is frequently fonnd that these *' cro9s ceur9e9** as 
they are called in mining language, contain <Mres of a 
different diaracter from tiiose which constitute the 
mineral vein ; finr instance, in them nickel, cobalt, and 
silver are not unfrequently discovered. VHien these 
m€tals are so found, they almost invariably occur be- 
tween the ends of the dislocated lode, and often take a 
curvilinear direction, as if they were deposited along a 
line of electrical force.* 

In the laboratory such an arrangement has been 
imitated, and in a mass of day fixed between the gal- 
vanic j^ates, aft^ a short period a distinct formation of 
a mineral vein has taken j^aoe.t By the action, too, of 
weak electrical currents, Beoqnerel, Crosse, and others, 
have been successAil in imitating nature so &r as to 
produce crystals of quartz and other minerals.^ In addi- 
tion to this evidence, in support of the electrical theory 

results at Fn$ek GHieit Neue Hofmmg, Gotthh^ and in other mi- 
neral yeins in the mining districts of Saxony : Edinhurgh New 
Philosophical Journal, vol. xKviii. 1839. The irregularities are all 
to he explained by the presence or absence of chemical excitation. 

♦ This was remarkably the case at Hml Sparmm, near Redruth, 
where the cobalt was discovered betweed two portions of a dislo- 
cated lode ; and the same was observed by Mr. Percival Johnson 
in a small mine worked for nickel, near St Austell. 

t Om ike proeets med fir obiaminff artijicml vem» m day : by 
T. B. Jordan; Sixth Annual Beport of the Royal Comwali P<^y- 
technie Sodety. See also my memmr, alreac^ roferred to, in Uie 
Memoirs of the Geological Survey and Museum of Practica] Geo- 
logy, voL L 
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•of the origin of mineral veins^ it can be experimentally 
slio^vn that a schistose structure may be giy&i to dxya 
and sandstone by Toltaic action.* ' 

There is often a rery remarkable regularity in the 
direction of mineral veins: throughout Comwall^ for 
instance^ they most commonly have a bearing &om the 
E. (tf N. to ihe W. of S. It has hence been inferred 
that they observe some relation to the magnetic poles of 
the earth. However this may be^ it is certain that the 
ore in any lodes whidi are in a direction at right angles, 
or nearly so^ to this main line, differs in chaanacter from 
that found in these, so called, east and west Iobes.t 

The sources of diemical action in the earth are name- 
Toas. Water percolating through the soil, and finding 
its way to great depths tiirough fissures in the rocks, 
^carries with it oxygen and various salts in s(dutioiu 
Water again rising fiom below, wheth^ infiltrated firom 
the ocean or derived from ottier sources, is usually €/l a 
high temperature, and it always contains a large quan- 
tity of saline matter, j: By these causes alone chemical 

4k See Becqnerel, IVaiti ExpermenUdde TEtectriciiS, Sfc. Ele<h 
irioal Experiment on the formation qf Artificial Crystals : by 
Andrew C&osse, Esq. ; Kritish Association Reports, vol. v., 183C. 
The lamination of clay and other substances is described in my 
memoir referred to. Note p. 226. 

f Report on the Geology of Cornwall, Devon, and West Somer- 
-set, by Sir Henry T. De la Beche : TTkeoretieai obseirvations on the 
formation and filling of Mineral Veins and Conmum Faults, p. 849. 

I The following analyses of waters from deep mines were made 
by me in 1840, and, with man^ others, published in the Reports of 
the Royal Cornwall Polytechnic Society. 
Consolidated Mines, Gwennap, 

Cornwall. In 1,000 grains of water. 

Muriate of soda . . . 1'5 

Sulphate of lime .... '5 

Sulphate of iron .... 'Id 

Sulphate of copper . • 1*26 

Silica ...... *15 

Alumina *3 

Total . . . . .3-7 
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action must be set up. Chemical change cannot toke 
place without a development of electricity : and it has 
been proved that the quantity of electricity reqtured for 
the production of any change is equal to that contained 
in the substances undergoing such change. Thus a 
constant activity is maintained within the caverns of the 
rock by the agency of the chemical and electrical 
elements, and mutations on a scale of sreat srandeur 
are oonslimtly taking place undersome dSSkvfforce. 

The mysterious gnome, labouring — ever labouring — 
in the formation of metals, and the mischievous Cobsdus 
of the mine, are the poor creations of superstition. A 
vague fear is spread amongst great masses of mankind 
relative to the condition of the dark recesses of the 
earth ; a (^ctsin unacknowledged awe is experienced by 
many on entering a cavern, or descending a mine : not 
the natural fear arising from the peculiarity of the situ- 
ation, but the result of a superstitious dread, the effect 
of a depraved education, by which they have been taught 
to refer everything a little beyond their immediate com;- 
prehension to supernatural causes. The spirit of demon 

United Mines, (jhrennap. In 1,000 grains of water. 

Muriate of soda .... I'lO 
Muriate of lime . . . '15 
Sulphate of soda .... '50 

Sulphate of lime . , . . 1'5 
Sulphate of iron .... '75 
Alumina . . ' . . '5 

Siliea *15 

Total 4'6& 

Great St. George. 

Muriate of soda . . . . 1 '85 

. Sulphate of lime .... '74 

Ciarbonate of iron .... '70 

Alumina '50 

Carbonate of lime . . . '10 

Total . . . :i'4 
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worsMp^ as well as that of hero worship^ has passed 
from the early ages down to the present ; and under its 
influence the genii of the East and the demons of the 
West have preserved their traditionary powers. 

Fiction has employed itself with the utmost license in 
giving glowing pictures of treasures hidden in the earth's 
recesses. The caverns of Chilminar^ the cave of Alad- 
din, the abodes of the spirits of the Hartz^ and the 
dwellings of the fairies of England^ are gem-bespangled 
and gold-glistening vaults, to which man has never 
reached. The pictures are pleasing ; but although they 
have the elements of poetry in them, and delight the 
young mind, they want the sterling character of scien- 
tific truth ; and the wonderful researches of the plod« 
ding mineralogist have developed more beauty in the 
caverns of the dark rock than ever fancy painted in her 
happiest moments. 

In all probability the action of the sun's rays upon 
the earth's surface, producing a constantly varying differ- 
ence of temperature, and also the temperature which 
has been observed as existing at great depths, give rise 
to thermo-electrical currents, which may play an import* 
tant part in the results thus briefly described. 

In connection with these great natural operations, ex* 
plaining them, and being also, to some extent, exphuned 
by them, we have the very beautiful application of elec* 
tncity to the deposition of metals, called the Electrotype. 

Applying the views we have adopted to this beaut^il 
discoveryj* the whole process by which these metallic 
deposits are produced wiU be yet more clearly under- 
stood. By the agency of the electric fluid, liberated 

* The discovery of the electrotype has been disputed, as all valu- 
able discoveries are. Without, however, at all disparaging the 
merits of what had been done by Mr. Jordan, I am satisfied, after 
.the most careful search, that the first person who really employed 
^electro-chemical action for the precipitation of metals in an omsr 
mental form, was Mr. Spencer, of Liverpool. 
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in tlie galvanic battery^ a disturbaxice of tlie electricitjr 
of the solution of copper, silver^ or gold, is prodneed, 
and the metal is deposited ; bnt, inst^ of allowing the- 
acid in combination to escape, it has presented to it 
some kA the same metal as that reriyed, and, eonse- 
quently, it combines with it, and this compoimd, \mnig 
dissolved, maintains the stiength of the solution.* A 
system of revival, or decompositioD, is carried on at one 
pole, and one of abrasion, or more correctly speaking, of 
composition and solution, at the other. By taking 
advantage of this very extraordinary power of electricity, 
we now form vessels for ornament or use, we gild or 
ffilver all kinds of utensils, and give the imperidiability 
of metal to the most delicate productions of nature^— 
her fruits, her flowers, and her insects ; — and over Hie 
finest labours of the loom we may throw coatings of gold 
or silver to add to their elegance and durability. Nor 
ne^ we employ the somewhat complex arrangcm«it of 
the battery: we may take the steel magnet, and^ by 
mechanically disturbing the electricity it contains, we 
can produce a current through copper wires, which may 
be used, and is extensively employed, for gilding and 
silvering.f The earth itself may be made the battery^ 
and, by connecting wires withMts mineral deposits, cur- 
rents of electricity have been secored, and i»ed f<»r the 
production of electrotype deposit.!^ 

* See Spencer, Instructions for the MvltipUcation tf works of 
Art in Metal by Voltaic Electricity, Novelties in Experimental 
Science: Griffin, GlasgofVv Elements of Electro-MetaUmrgy. bj 
Alfred Bmee, Esq. 

f The magneto-electrical machine is employed in Birmingbiua 
for this purpose ; but I am informed by Messrs. Elkington that 
they do not find it economical, or rather that the electro-precipita- 
tion is carried on too slowly. 

X This has been done by Mr. Robert Were Fox, at a mine near 
Falmouth. By connecting two copper wires with twO lodes, and 
brinijfing them, at the surface, into a cell containing a solution of 
'sulphate of copper, this gentleman obtained an electrotype copy of 
an engraved copper-plate. 
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The electrotype is but one of the applications of 
dectrieily to tike iifies of man. This agent has been 
employed as ihe canier of thought; and with infinite 
npidity, mes8ag(»of impartance, eonminnications in- 
Yolving hfe^ and intelligences outetripping the speed of 
coward crune^ have been conunnnicated. Thare will be 
no difficulty in nnderstanding the principle of this^ 
although many of the nice meehanietd arrang^nents^ to 
ensure f^edskm, are of a somewhat elaborate character. 
The entire action depends on the deflection of a com- 
pass-needle by the passage of an electric current al<Maig 
its length. If at a given point we place a galvanic bat- 
tery, and «t twenty or one hundred miles distance &»n 
it a compass-needle^ between a wire brought from, and 
another returning to the battery^ the needle will remain 
true to its polar direction so Wg as the wires are un- 
exdted; but tiie moment connection is made^ and the 
circuit is oomplefce, the electricity ai the whole extent of 
wire is disturbed^ and the needle is thrown at right 
angles to the direction of the current.' Provided a con- 
Bection between two paints can be secured, however 
remote they axe from each other, we thus, almost 
ittfltantaneouAlj, caavej any intelligence. The effects 
of an eleetric current would appear at a distance of 
576,000 miles in a second of time ; and to that dis- 
tance, and with that speed, it is possible, by Professor 
Wheatstone's beautifcd arrangements, to convey whiepers 
of love or messages of destruction. 

The enchanted horse of the Art^ian magician, the 
magic carpet of the German ac»rcerer, w^e poor contri- 
vianees, compared witii tiie oopper wires of the elec- 
trician, by which all the difficulties of time and the 
barriers of space appear to be overcome. In the Scandi- 
navian mythology we find certain spiritual powers of 
eif il enahied to pass with imperceptible speed from one 
'remote point to anotiier, sowing the seeds of a common 
rain amongst mankind. Such is tiie morbidcreation of 
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a unld yet highly endowed iniagination. The spirit of 
evil diffuses itseLf in a remarkable manner, and, indeed, 
we might almost assign to it the power of ubiquity; 
but in reality its adyance is progressive, and time enters 
as an element into any calculation on its diffiision« 
Electricity is instantaneous in action; as a spirit of 
peace and good-will it can overtake the spirit of evil, 
and divert it from its designs. May we not hope that 
the electrical telegraph, 'making, as it must do, the whole 
of the civilized world enter into a communion of thought, 
and, through thought, of feeling with each other, will 
bind us up in one common brotherhood, and that, 
instead of misunderstanding and of misinterpreting the 
desires and the designs of each other, we shall learn to 
know that such things as '^ natural enemies'' do' not 
exist? To hope to break down the great barrier of 
language is perhaps too much; but assuredly we may 
hope that, as we must do when closer and more intimate 
relatioiis are secured by the aids of science, the barrier 
(^ prejudice may be razed to the ground, and not one 
stone left to stand upon another? Our contentions, 
our sanguinary wars, consecrated to history by the bap- 
tism of blood, have in every, or in nearly every, instance 
sprung from the force of prejudice, or the mistakes of 
poUticians, whose minds were narrowed to the limits of 
a convention formed for perpetuating the reign of 
ignorance. 

And can anything be more in accordance with the 
spirit of all that we revere as holy, than the idea that 
the elements employed by the All Infinite in the wcnrks 
of physical creation shall be made, even in the hands of 
man, the ministering angels to the great moral re- 
demption of the worid ? Associate the distant nations 
of the earth, and they will find some conunon ground 
on which they may unite. Mortality <x)mpels a de- 
pendence ; and there are charities which spring up alike 
in the breast of the savage and the civilized man, which 
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will not be controlled by the cold usages of pride, but 
which, like all truths, though in a still small voice, 
speak more forcibly to. the heart than errors can, and 
serve as links in the great chain which must bind man- 
kind in a common brotherhood. x"None are all evil,'^ 
and the best have much to learn of the amenities of 
life from him who yet lives in a ^^ state of nature,^' or 
rather from him whose sensualities have prevailed over 
his intellectual powers, but who still preserves many 
of the noblest instincts, to give them no higher term, 
which other races, proud of their intelligence, have 
thrown aside. Time and space have hitherto prevented 
the accomplishment of this ; electricity and mechanics 
promise to subdue both ; and we have every reason to 
hope those powers are destined to accelerate the union 
of the vast human &mily. 

Electrical power has also been employed for the pur- 
pose of measuring time, and by its means a great number 
of clocks can be kept in a state of 'uniform correctness, 
which no other arrangement can effect. A battery being 
linited with the chief clock, which is itself connected bv 
wires with any nimiber of clocks arranged at a distance 
from each other, has the current continually and regu- 
larly interrupted by the beating of the pendulum, which 
interruption is experienced by aU the clocks included 
in the electric circuit; and, in accordance with this 
breaking and making contact, the indicators or hands 
move over the dial with a constantly uniform rate. 
Instead of a battery the earth itself has supplied the 
stream of electric fluid, with which the rate of its revo- 
lutions has been registered with the utmost fidelity.* 

Electricity, which is now employed to register the 
march of time, rushes far in advance of the sage who 
walks with measured tread, watching the falling sands 
in the hour-glass. 

* This has been most efifectually accomplished by Mr. Bain. 
Mr. Hobson has had an electric clock, thus excited, in action for 
•several years. 
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The eartli is spaaned and tlie ocean piereed by 
the wires of the electric telegraph. Akeady^ firom 
the banks of the Thames to the shores of the 
Adriatic^ our electric messenger will do our bidding. 
The telegraph is making its way through Italy^ and 
it is dipping its wires in the Mediterranean, soon to 
reach the coast of A&ica. They wiU then run along 
the African shores to Egypt and Turkey, and still on- 
ward until they unite with the tel^raphs of India, of 
which three thousand miles are in progress. From 
Hindostan these wcmdrous wires will run from island to 
island in the Indian Archipelago, and thus connect 
Australia and New Zealand with Europe. 

In afew years we may expect to have an instantaneous 
report in London of the extraordinary ^^nu^et'^ dis- 
covered by some fortunate gold-digger; and the exile 
from his natiye land in the Islands of the South Pacific 
Ocean, may learn every hour, if he will, of the doings 
of his fiunily and friends in some village home of 
England. 
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CHAPTER X. 

MAGNETISM. 

Magnetic Iron — Knowledge of, by the Aneients — ^Artificial 
Magnets — Electro- Magnets — Electro-Magnetism — ^Ma^eto- 
Electiicity — ^Theories of Magnetism— The Maffnetic Power- 
of soft Iron and Steel — Influence of Heat on Magnetism — 
Terrestrial Magnetism— Declination of the Compass-needle 
— ^Variation of the Eartlfs Magnetism — Magnetic Poles — 
Hansteen's Specolations^ Monthly and Diurnal Yariatiozi — 
Dip and Intensity — Thenno-MagnetiBm— Aurora Boredis 
— Magnetic Storms^ Magnetic conditions of Matter — ^Dia- 
Magnetism, &c. 

Agreeably with the view now generally received^ that 
magnetism and electricity are bnt modifications of one 
f orce^ since they are found to stand to eadi other in the 
relation of cause and effect^ the separation which is here 
adopted^ of the consideration of their several phenomena, 
may appear inappropriate. The importance, however, 
of all that is connected with magnetism, and the very 
decided difference which is presented by true ma^etic 
action, and that of Mctional or chemical electricity, is 
so great that it has been thought advantageous to adopt 
the present arrangement in reviewing the iofluence of 
terrestrial magnetism with which science has made us^ 
acquainted. 

From a very early period a peculiar attractive force- 
has been observed in some specimens of iron ore. 
Masses of this kind were found in Magnesia, and from 
that locality we derive the name given to iron in its- 
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polar condition. This is confirmed by the folloving 
lines by Lucretius : — 

Quod superest agere incipiam, quo foBdere fiat 
Katura lapis hie ut ferrum ducere possit, 
Quein magneta vocant patrio de nomine Oraii 
Magnetum, buia sit patriis in finibus ortus. 

Again we find Pliny employing the term maffnetic, to 
express this singular power. It was known to the 
ancients that the magnetic power of iron^ and the 
electric property of amber^ were not of the same 
character^ but they were both alike r^arded as miracu- 
lous. The Chinese and Arabians seem to have known 
Magnetism ataperiod long before that at whichEuropeans 
became acquainted with either the natural loadstone or 
the artificial magnet. Previously to a.d. 12l> the 
magnet is distinctly mentioned in a Chinese dictionary ; 
and in a.d. 419 it is stated in another of their books 
that ships were steered south by it.* 

The earliest popularly received accotmt of its use in 
Europe iS; that Yasco de Gama employed a compass in 
1427^ when that really adventurous navigator first eXf- 
plored the Indian seas. It is highly probable, however^ 
that the knowledge of its important use was derived 
from some of the Oriental nations at a much earlier 
period. 

We have some curious descriptions of the leadif^ 
stone or loadstone, in the works of an Icelandic 
historian, who wrote in 1068. The mariner's compass 
is described in a French poem of the date of 1181 ; and 
from Torfteus's History of Norway, it appears to have 
been known to the northern nations certtuinly in 1266. 

;^ Treaiiie on MagnetUnty by Sir David Brewster. Cosmos : -a 
Sketch of a Physical description of the Universe; by Alexander 
Von Humboldt— Otte's Translation. 
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We have not to deal with the history of magnetic 
discoveiy^ but so £eu* as it tells of the strange pro- 
perties which magnets are found to possess^ and the 
application of this knowledge to the elucidation of 
effects occurring in nature. 

A brown stone^ in no respect presenting anything by 
which it shall be distinguished from other rude stones 
around it^ is found, upon close examination, to possess the 
power of- drawing light particles of iron towards it. If 
this stone is placed upon a table, and iron filings are 
tiirown lightly around it, we discover that these filings 
arrange themselves in symmetric curves, proceeding 
from some one point of the mass to some other ; and 
upon examining into this, we shall find that the iron 
which has once dung to the one point will be rejected 
by the other. If this stone is freely suspended, we 
shall learn also that it always comes to rest in a certain 
position, — this position being determined by these 
points, and some attractive force residing in the earth 
itself. These points we call its poles ; and it is now 
established that this rude stone is but a small represen* 
tative of our planet. Both are magnetic : both are so 
in virtue of the circulation of currents of electricity, or 
of hnes of magnetic force, as seen in the curves formed 
by the iron dust, and the north pole of the one attracts 
the south pole of the other, and the contrary. By a 
eonfrision of terms we speak of the north pole of a com- 
pass-needle, meaning that point which is always oppo- 
site to the north pole of the earth : the truth being that 
the pole of the compass-needle, which is so forcibly 
drawn to the north, is a point in a contrary state, or, as 
we may express it, really a south pole. 

There is a power of a peculiar kind, differing from 
gravitation, or any other attracting or aggregating force 
with which we are acquainted, which exists permanently 
in the magnetic iron stones, and also in the earth. 
What is this power? 
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Magnetism may be piodaced in any bar of steel, 
either by rubbing it with a loadstone, or by phicing it in 
a certain position in rehition to the magnetic currents of 
the earth, and, by a blow or any other means, distnrbmg 
its molecular arrangement. This principle appears to 
inrolve the iron as with an atmosphere, and to inter- 
penetrate it. By one magnet we may induce magnetism 
in any number of iron hiirs without its losing any of its 
original force. As we have observed of the electrical 
forces already considered, the magnet constantly presents 
two points in which there is a difference manifested by 
the drcomstance that thqr we always drawn with con* 
siderable power towards the north or south pedes of the 
earth. That this power is of the same cfaancter as the 
electricity which we have been considering, is now most 
satis&ctorily proved. By involving a bar of soft iron 
which, being without any magnetic power, is incapable 
of sustaining even an ounce weight, with a cml of 
copper wire, through which a galvanic current is passing; 
the bar will receive, by induction from the current, an 
•enormous accession of power, and will, so l<Hig as the 
current flows around it, sustain many hundred pounds 
weight, which, the moment the cunrent is checked, fidl 
away from it in obedience to the law of gravity. Thus 
the mere flow of this invisible agent around a mass of 
metal possessing no magneto-attractive power, at once 
imparts this life-like influence to it; and as long as the 
current is maintained, the iron is endowed with tins 
surprising energy. 

This disoovoy, which we owe to the genius of 
Oersted, and which has, indeed, given rise to a new 
science, electro-magnetism, may be regarded as one of 
the most important additions made to our knowledge. 

Current electricity is magnetic ; iron is not neoesssry 
to the production of magndic phenomena, aldioogh by 
itspresenee we secure a greater amount of power. The 


MA6NETI8H AKD ELXCTUCITY. 239 

copper wires whidi complete the drcait of a galTuiic 
battery^ will attract and hold up large quantities of iron 
filings, and the wires of the electric td^raph will do> 
the same, while any signal is being conveyed along 
them. Again, all the phenomena common to galvanic 
electricity can be produced by merely disturbing the 
power permanently secured in the ordinary magnet. 
It was thought that magnets would become weakened 
by this constant disturbance of their magnetism y but, 
since its application to the purpose of manufacture, and 
magneto-electricity has beai employed in electro-plating, 
it has been found that continued action for many 
years, during which enormous quantities of electricity 
have been tiius given out and emjdoyed in producing 
chemical decompositicai, has not, in the diktat degree, 
altered their powers. Thus a small bar of metal is 
shown to be capable of pouring out, for any nmnber of 
years, the jpinciple upon which the phenomena of mag- 
netism depend. 

There are, however, differences, and «fcwlcing ones, 
b^ween ordinary and magnetic electricity. In the 
magnet we have a power at rest, and in the electrical 
machine or galvanic battery, a power in motion* 
Ordinary electricity is stopped in its passage by a plate 
of glass, of resin, and many other substances; but mag. 
netism passes these with freedom, and influences mag« 
netic bodies placed on the oth^ side. It would appear, 
though we cannot explain how, that magnetism is due 
to some lateral influstice of the electric currents. A 
magnetic bar is placed over a copper wire, and it hangs 
steadily in the direction of its loigth ; an electric current 
is passed along it, and die magnet is at once driven to 
}dace itself across the wire. Upon this experiment, in 
the main, Amp^ founds his theory of teixestrial mag- 
netism. He supposes electrical currents to be travers- 
ing our globe from east to west, and thus,, that the 
needle takes its directipn^ not firom the tonestrial action 
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of any fixed ma^etic poles, but from the repulsion of 
these cuirents, as is the case with the wire. 

It has been found that wires, freely suspended, along 
which currents were passing in opposite directions, 
revolve about each other, or have an inclination to 
place themselves at right angles ; thus exhibitiog the 
same phenomenon as the magnet and the conducting 
wire. So far the hypothesis of Ampere leads us most 
satis&ctonly. • We see in the magnet one form of 
electricity, and in the machine or battery another. But 
why should not the electricity of the magnet, electricity 
at rest, exhibit the same powers as this force in 
motion? 

Oersted, whose theory led him to the discovery of the 
&ct of the magnetic power of an electric ciurent, of the 
establishment indeed of the new science — ^Electbo- 
Magnetism, regards the phenomenaof a current passing 
a wire, and its action on a needle, as evidence of two 
fluids, positive and negative, traversing in opposite 
directions, and mutually attracting and repelling. He 
conceives that they pass the* wires in a series of spirals ; 
that in the magnet, by some peculiar property of the 
iron, this conflict of the currents is reduced to an equili- 
brium, and its power becomes manifested in its attractiye 
force.* This does not, however, convey a clear idea to 
the mind. 

It is curious that iron becomes magnetic in a superior 
degree to any other metal ; that steel retains perma- 
nently any mf^etism imparted to it; but that soft 
iron rapidly loses its magnetic power. This must be in 
virtue of some peculiar arrangement of the molecules, 
or some unknown physical condition of the atoms of the 
mass, by which a continued influence is retained by the 
steel, probably in a state of constant internal circulation. 

* Experience Eleeiro-Magnitique . par M. (Ersted. — Ann ales 
de Chimie, vol. xxii. p. 201. De la Rive, Recherehessur la Distri 
inUion de VEUctnciti dyn. dans Us Corps. — Geneve, 1 825. 


0BRS1!XD^8 THEORY. 241 

It has^ however^ been shown that soft iion^ nnd^ 
certain drcomstances^ may be made to retain a large 
amomit of magnetic force.^ 

If a faorse-sfaoe shaped bar of soft iron is rendered 
magnetic by the circulation of an electric current around 
it^ while its two ends are imited by an armature of soft 
irofi^ so that it is capable of supporting many hundred 
pounds weight } and we then^ by breaking the circuity 
stop the current, taking care the armature is kept in 
contact, the iron will not lose its magnetic prop^ty, 
but will retain this power for many years. If the con- 
necting piece of iron, the armature, is removed^ the bar 
immediately loses all its magnetism, and will not support 
even the armature itself. This fact appears to confirm 
the idea that magiletism is due to the retention of 
electricity, and that sted possesses the property of 
equalizing the opposiag forces, or of Imodii^ this 
principle to itself like an atmosplusre. 

The influence of heat on magnetism is so remarkable 
a proof of the dependence of this power upon molecular 
arrangement, that it must not escape our notice. To 
sdect but one of many experiments by Mr. Baxlow, it 
was found that in a bar of malleable iron, in which, 
when cold, the magnetic effect was + 30^ (f, all polarity 
ceased at a white heat, that it was scaredy appreciable 
at a red heat, biit that at a blood-red heat it was equal 
to -f 41° O'.t 

The more closely we examine the peculiarities of the 
magnetic power, and particcdarly as they are jwesented 
to us in its terrestrial action, the more surprising will 
its influence appear to be. We have discov^ed a 

♦ Os ike Magnetic pomer of S^ Iran: by Mr. Waikins.— 
Pk'loaophical TrsnsaetioiKa. i8d3« 

f Gayallo, On Magnetism.---CKV9]lQ was the first who noticed 
the i^ifluence of heat on Magnetispa. Consult On. the anomakujs 
Magnetic Aclwn of Hot Iran beipetm the wUtc qnd Hood^red heat : 
hy ftoter fiaridw, £8q.-^Phiici6fi^i<i(a TnuoaacUonfi, 1822, p. 124. 
3rMrfft*tf ea MagneHtm : hj Bariowlr-j^neyelopedia Metrbpolitaaa 

ft 
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natural cause wliicli certaiiily exercises a very remark- 
able poif er over matter, aad we have advanoed so far in 
our investigations as to have learnt the secret of convert- 
ing one form of force into another^ or of giving to a 
principle^ produced by one agency, a new character 
under new conditions ; of changing, in fact, electricily 
into magnetism, and from magnetism again evolvii^ 
many of the effects of electrical currents. 

If a magnetic bar is freely suspended above the 
earth, it takes, in virtu6 of some terrestrial power, a 
given, direction, which is an indication of the earth^s 
magnetic force. Whether this is the consequence of 
the currents of electricity, whidi Ampere supposes to 
circulate around the globe, from east to west, or the 
result of points of attraction in the earth itself, the 
phenomenon is equally wonderful'. To whatever cause 
we may refer the visible effects, it appears certain that 
this earth is composed of particles in a magnetic state, 
the character varjring with physical conditions, and that 
terrestrial magnetic force is the collective action of all 
the atoms of this planetary mass.* 

* " The foundation of our researches is the assumption that the 
terrestrial magnetic force is the collective action of all the mi^e- 
tised partioles of the earth^s mase. We represent to ourselTes mag- 
netisation as the separation of the magnetic fluids. Admitting 
the representation, the mode of action of the fluids (repulsion of 
similar, and attraction of dissimilar, particles inversely as the 
square of the distance) belongs to the number of established 
truths. No alteration in the results would be caused by changing 
this mode of representation for that of Ampere, whereby, insteaa 
of magnetic fluids, magnetism is held to consist in constant gal- 
vanic currents in the minutest particles of bodies. Nor would it 
occasion a difference if the terrestrial magnetism were ascribed to 
a mixed origin, as proceeding partly from the separalian of the 
magnetic fluids in the earth, and partly from galVanic isuirehts, 
in the same ; inasmuch as it is known that for each galvanic 
current may be substituted such a given distribution of we mag- 
netic fluids in a surface bounded by the current, as would exercise 
in each point of external space precisely the same magnetic actipn 
as would be produced by the^ galvamc current itat]t"—Q€meral 
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The remarkable coimexioii which has been observed 
between the changes in the physical condition of the 
surface of the sun and terrestrial phenomena/ must not 
escape our notice. Sir William Herschel thought he 
perceived a link connecting the dark spots on the sun^s 
face with the variations of the earth's temperature. 
This has not^ however^ been confirmed by the observa* 
tions which have been m^e since the time of Herschel. 
The carefiil examinations of the solar spots which have 
been made by Schwabe^* prove a well-defined order of 
progress in them. He has discovered that they move in 
cycles of ten years — ^from the smallest number visible in 
a given year^ they regularly increase for five years^ 
when they reach their maximum; they then as regularly 
decrease^ and at the end of another five years they are 
at their maximum number. The magnetic observatioiur 
which have been carried on by the British and othet 
governments for some years^ over every part of the 
world, have eUcited the fact that the order of variation 
in the earth's magnetic mtensity is in cycles of ten 
years, and the law of increase and decrease which is found 
to prevail with the solar spots distinctly marks the varia- 
tions of terrestrial magnetism. Few more interesting 
facts than this are within the range of our knowledge, 
proving as it does ihe direct dependence of terrestrial 
phenomena on solar force. 

The constancy with which a magnetised needle points 
along a certain line which varies a httle from the earth's 
axial line, renders it one of the most important instru- 
ments to the practical and the scientific man. The 
wanderer of the ocean or of the desert is enabled, 
without fear of error, to pursue his path, and in un- 
known regions to determine the azimuth of objects. 

Theory qf Terrestrial Magnetismy by Professor Carl Friedrich 
Oauss, of the University of Gottingen. — Scientific Memoirs, 
vol. ii. p. 188. 

* Humboldfs Co^mof.— Ott6'8 translation. 
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The miner or the surveyor finds in the mimetic com- 
pass the surest guide in his labours, and the experiment 
is for erer studying its indications. 

" True as the needle to the pole," 

hasT passed into a proverb among mankind, but the 
searching inquiry of modem observers has diown that 
the expression is correct only with certain limitations. 
There are two lines on the surface of the earth along 
which the needle points true north, or where the mag- 
netic and the geographical north correspond. These 
are called lines of no variaiion, or, as they have also 
been designated, agomc lines, and one is found in the 
eastern and the other in the western hemisphere. The 
American line is singularly r^ular, passmg in a south- 
east direction firom ^e latitude 60° to the west of Hud- 
son's Bay, across the American lakes, till it reaches the^ 
South Atlantic ocean, and cuts the meridian of Green- 
widi in about 65° south latitude. The Asiatic line of 
no variation is very irregular, owing, without doubt, to 
local interferences; it begins below New Holland, in. 
latitude 60° south, it bends westward across the IncUaa 
ocean, and from Bombay has an inflection eastward 
through China, and then northward across the sea of 
Japan, till it r^u^es the latitude of 71° north, when it 
descends again southward, with an immenBe semidrcolar 
bend^ which termmates in the White Sea. 

Hansteen has thought that there are two points in 
each hemisphere which may be r^arded as stronger 
and weaker poles on opposite sides of the poles of revo- 
lution. These are called the magnetic poles of the 
earth, or by Hansteen magnetic points of convergence. 
These four points are ccmsidered to have a regular 
motion round the globe, the two northern ones from 
west to east, and the two southern ones from east to 
west. By the assistance of recorded observations,. 
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Hansteen has calculated the periods of these revolutions 
to be as follows :— ♦ 

Tlie weakest norih po]e in 860 years. 

The strongest north pole in 1746 years. 

The weakest south pole in 1304 years. • 

The strongest south pole in 4009 years. 

There are some points of speculation on which 
Hansteen has ventured which have been smiled at as 
fanciful ; but they may rather indicate an amount of 
knowledge in the Brahminical and Egyptian priesthood, 
beyond what we are usually disposed to ailoKV them, and 
prove that their observations of nature had led them to 
an appreciation of some of the most remarkable harmo- 
nies of this mysterious creation. 

The above terms are exceedingly near 864, 1246, 
1728, 4320, and those numbers are equal to the mystic 
number of the Indians, Greeks, and Egyptians, 432 
multiplied by 2, 3, 4, and 10. On these the ancients 
believed a certain combination of natural events to 
depend, and, according to Brahminical mythology, the 
duration of the world is divided into four periods, each 
of 432,000 years. Again, the sun's mean distance fix)m 
the earth is 216 radii of the sim, and the moon's mean 
distance 216 radii of the moon, each the half of 432. 
Proceeding with this very curious examination, Han- 
isteen says, 60 multipKed by 432 equals 15,920, the 
smallest number divisible at once by all the four periods 

magnetic revolution, and hence the shortest time in 
which the four poles can complete a cycle, and return to 
their present state, and which coincides ewacily with the 
jperiod in which the precession of the equinoxes wiU 
amount to a complete circle, reckcming the precession at 
a degree in seventy-two years.* 

f Hansteen : Untersuekungen iiber den MagMtismus der Erd§^ 
Ohristiajia, 1819. Humboldt : Expos^ dts Variations Magnetiqties^ — 
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When we eonsider the t^henomena of terrestrial mag- 
netism carefully^ it appears to indicate the action of a 
power external to the earth itself^ and^ as Hansteen 
conceives, having its origin from the action of the sun, 
heating, lUuminating, and producing a magnetic tension, 
in the same manner as it produces electrical excitation 
and actino-chemical action. 

The movements of these magnetic poles have been 
the subject of extemre and most accurate observation 
m every quarter of the globe. In London, during 
1657-1662, there was no magnetic variation ; the agonic 
line passing ^through it. The variation steadily incr^used, 
until, in 1815, it amounted to 24° 15' 17", since which 
time it has been slowly diminishing, .In addition to 
this great variation, we have a regular annual change 
dependent on the position of the sun, in reference to the 
equinoctial and solstitial points, which was discovered 
by Cassini, and investigated by Arago and others. 
Also a diurnal variation, which movement appears to 
commence early in the morning, moving eastward until 
half-past seven, a.m., when it begins to move westward 
until two, P.M., when it again returns to the east, and in 
the course of the night reaches the point from which it 
started twenty-four hours before. 

We have also remarkable variations in what is 
termed the dip of the needle. It is well known that a 
piece of unmagnetized steel, if carefully suspended by its 
centre, will swing in a perfectly horizontal position, but, 
if we magnetize this bar, it will immediately be dbrawn 
downwards at one end. The force of the earth^s 
polarity, attracting the dissimilar pole, has caused it to 
dip. , 

There is, in the neighbourhood of the earth's equator, 
and cutting it at four points, an irregular curve, called 
the magnetic equator, or aclinic line, where the needle 

Oirberfs Annates Brewster's Magnetism : EncyclopaBdia Mctro- 
politana. 
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balances itself horizontally. As ire proceed from this 
line towards either pole the dip increases, until, at the 
north and south poles, the needle takes a vertical 
position. The inienHty of the earth's magnetism is 
also found to vary vith the position, and to increase in 
a proportion which corresponds ye^ closely with the 
dip. But the intensity is not a function of the dip, 
and the lines of equal intensity, isodynamic lines, are not 
parallel to those of equal dip. We have already re- 
marked on the diurnal variation of the declination of 
the needle ; we Imow, also, that there exists a regular 
monthly and daQy change in the magnetic intensity. 
The greatest monthly change appears when the earth is 
in its perihelion and aphelion, in the months of Decem- 
ber and June, — ^a maximum then occurs ; and about 
the time of the equinoxes a minimum is detected.* 

The daily variation of intensity is greatest in the 
summer, and least in the winter. The magnetism is 
generally found to be at a minimum when the sun is 
near the meridian ; its intensity increasing until about 
six o'clock, when it again dimimshes.f 

What striking evidences all these well-ascertained 
facts give of the dependence of terrestrial magnetism on 
solar influence! and in further confirination of this 
view, we find a very remarkable coincidence between 
the lines of equal temperature — ^the isothermal lines, 
and those of equal dip and magnetic intensity. 

Sir David Brewster first pointed out that there were 
in the northern hemisphere two poles of maximum 
oold ; these poles agree with the magnetic points of 
convergence; and the line of maximum heat, which 
does not run parallel to the earth's equator, is nearly 
coincident with that of magnetic power. Since See- 

* Hansteen ; as above. 

f On the effects of temperature on the intensity of nutgnetic forces, 
and on the mumal tfariations of the terrestrial magnetic intensity ; 
by Samuel Hunter Cbristie, Esq. — Philosophical Transactions, 
vol. cxv. 1825. 
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beck has shown ns that electrical and magneto-electri- 
cal phenomena can be produced by the action of heat 
npon metallic bars^ we have^ perhaps, approached 
towards some faint appreciation of the manner in whidi 
the solar calorific radiations may, acting on the smfsoe 
of onr planet, produce electriciQ and magnetic e&cts. 
K we suppose that the sun produces a disturbance of 
the earth's electricity along any given line, in all diiec 
tions at right angles to that line, we shall have naagw 
netic polarity induced.* That such a disturbance is 
regularly produced every time the sun rises, has been 
suffidently proved by many observers. 

In 1750, Wargentbi noticed that a very remarkable 
display of Aurora barealis was the cause of a peculiar 
disturbance of the mimetic needle ; and Dr. Daltonf 
was the first to show that the luminous rays of the 
Aurora are always parallel to the dipping-needle, and 
that the Auroral arches cross the magnetic meridian at 
right angles. Hansteen and Arago have attended with 
particalar care to these influences of the nortfaemlightSy 
and the results of their observations are : — 

That as the crown of the Aurora quits the usual 
place, the dipping-needle moves several d^rees for* 
ward: — 

That the part of the sky where all the beams of the 
Aurora unite, is that to which a magnetic needle 
directs itself, when suspended by its centre of gravity: — 

That the concentric circles, which show themselves 
previously to the lumin(ms beams, rest upon two points 
of the horizon equally distant from the magnetic meri^ 

* It has been observed by Mr. Barlow, in England, and some 
eminent observers in Austria, that an electric current constantly 
traverses the wires of the electric telegraph wherever tfaneaie two 
earth connections. 

t MeJeonUosf ie al O Ut r vmUus tmd E9§t^9 : byDr.Dalton. Os 
theHojfkiqf the Aurora BortaHs abovt the mtfaaof the EaHh: 
by John Balton, f .fi.£L^Philo80phiioal Tninsaotions, voL oxiv. 
p. 291. 


AITBOKA BOSEAILS. 240 

'dian ; and that the most elevated points of each arch 
are exactly in this meridian.* 

It does not appear that every Aurora disturbs the 
magnetic needle ; as Captains Foster and Bade both 
•describe very splendid displays of the phenomenon^ which 
did not appear to produce any tremor or deviation upon 
their iDstruments.t 

Some sudden and violent movements have been &om 
time to time observed to take place in suspended 
magnets; and since the establishment of magnetic 
observatories in almost every part of the globe, a very 
remarkable ooindd^ice in the time of th^ agitations 
has he&i detected. They are frequently connected with 
the appearance of Aurora borealis; but this is not con- 
istantly the case. These disturbances have been called 
magnetic 9torm8 ; and over the Asiatic and European 
4xmtin«it^ the islands of the Atlantic and the western 
hemisphere^ they have been proved to be simultaneous* 

JProm observations made at Petersburg by Kupfier, 
and deductions drawn firom tiie observations obtained by 
the Magnetic Association, it appears probable that these 

* Arago : Annales de Ghimie, vol. xxxix. p. 369. On the vari-- 
4ibJe Intensity of Terrestrial Magnetism ana the Inflaence of the 
Jurora BoreoHs upon it; by Robert Were Fox. — PhilosophicaL 
Transactions, 1831, p. 199. 

f " Brilliant and aotive coruscations of tbe Aurora Borealis,** 
says Captain Back, " when seen through a hazy atmosphere, and 
exhibiting the prismatic colours, almost invariably affected the 
needle. On the contrary, a veiy bright Aurora, though attended 
by motion, and even tinged with a dullish red and a yellow in m 
dear blue sky, seldom produced any sensible cha;Dge, beyond, a.t 
the most, a tremulous motion. A dense haze or fog, in conjunc- 
tion with an active Aurora, seemed uniformly favourable to the 
disturbance of the needle, and a low temperature was favourable 
to brilliant and active coruscations. On no occasion during two 
winters was any sound beard to accompany the moti<ms. The 
Aurora was frequently seen at twilight, and as often to the ^east- 
ward as to the westward; olnuds, also, were often perceived in 
4he day-time, in form and disposition veij much resembling the 
Aurora.'*— -JVkrra^ve oftke Arciie Load 
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storms arise from a sadden displacement in the magnetic 
lines of the earth's snrfiEu^e ; but the cause to which this 
may be due is still to be sought for. 

In the brief and hasty sketch which has been given 
of the phenomena of terrestrial magnetism^ enough has 
been stated to show the yast importance of this very 
remarkable power in the great operations of nature. We 
are gradually reducing the immense mass of recorded 
obs^tiom, and arriving at certain laws which are 
found to prevail. Stilly the origin of the foroe^ whellier 
it is strictly electrical^ whether it is the circulation of a 
magnetic fluids or whether it is merely a peculiar excita- 
tion of some property of matter, are questions which are 
open for investigation. 

In the beautiful Aurora borealis^ with its trembling 
diffusive lights^ and its many-coloured rays^ we have 
what may be regarded as a natural exhibition of magne- 
tism^ and we appear to have within our grasp the ex- 
planation we desire. But we know not the secret of 
even these extraordinary meteorological displays. Kwe 
pass an electric spark from a machine through a long 
cylinder, exhausted of air as far as possible, we have a 
mimic representation of the Northern Lights — ^the same 
attenuation of brightness, almost dwindling into phos- 
phorescence ; and by the slightest change of tempera- 
ture we may produce that play of colours which is 
sometimes so remarkably manifested in Aurora. Dr. 
Dalton considered Aurora borealis tis a magnetic pheno- 
menofiy and that its beams are governed by the earth's 
magnetism. We know that the arc of light produced 
between the poles of a powerfiil galvanic battery is 
readily deflected by a good magnet ; and we have lately 
learned that every vapour obeys the magnetic force.* 
It is, therefore, yet a question for our consideration, 
does the earth's magnetism produce the peculiar pheno- 

* Faraday : On the Diamagnetie character of Flame and Gases. 
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mena of Aurora by acting upon-electricity in a state of 
glow ? or have we evidence in this display of the circu- 
lation of the magnetic fluid around our globe^ manifest- 
ing itself by its action on the ferruginous and other 
metallic matter, which Fusinieri has proved to exist in 
the upper regions of our atmosphere.* That magnetic 
radiations do exist, has been proved by Faraday, and 
that tlieyfonalines of force per^ndicnlJ to the ^h's 
surface, has been experimentally shown. Parallelograms 
of wire moyed upon a central axis, and connected with 
a galvanometer, give at every revolution indication of an 
electric disturbance in all respects analogous to the 
production of a current by moving wes in front of a 
steel magnet. 

The alteration in the properties of heat, when it 
]msses from the radiant state into combination with 
matter, exhibits to us something like what we may sup- 
pose occurs in the conversion of magnetism into electri- 
citv or the contrary. We have a subtile agent, which 
evidently is for ever busy in producing the neoessaiy 
conditions of diange in this our earth : an element to 
which is due the deyelopment of many of the most active 
powers of nature; performing its part by blending with 
those principles which we have akeady examined; 
associatWi4lf with every form of matte/; andgivingl 
as we shall presently see, in all probability, the first 
impulses to combination, and regulating the forms of 
Aggi^g<^ting particles. 

^ " The Aurora Borealis is certainly in some measure a mag- 
netical phenomenon ; and if iron were the only substance capable 
of exhibiting magnetic effects, it would follow that some fer- 
ruginous panicles must exist in the upper regions of the atmos- 
phere, ^e li^ht usually attending this magnetical meteor may 
possibly be deri\ed from electricity, which may be the immediate 
cause of a change in the distribution of the magnetic fluid, con- 
tained in the ferruginous vapours which are imagined to float in 
the air." — Lecture on Magnetism^: Young's Lectures on Naiurai 
Phiiosophy, p. 633. 
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As electricity has the poorer of altering the physical 
conditions, of the more adherent states of matter, thns 
giving rise to variations of form and modes of combina- 
tion, so gross matter appears to alter the character of 
this agency, and thns dis^Kwes it to the several modifica- 
tions under which we have already detected its pres^iee. 
We have mechanical electricity and chemical electricity, 
each performing its great work in nature; yet both 
manifesting conditions so dissimilar, that tedious re- 
search was necessary before they could, be declared 
identical. Mimetic electricity is a third form ; all its 
characteristics are unlike the others, and the office it 
appears to perform in the laboratory of creation is of a 
different order from that of the other states of electrical 
force. In the first two we have decomiposing and re- 
combining powers constantly manifested — ^in fact, their 
influences are always of a chemical diaracter; but in 
the last it appears we have only a directive power. It 
was thought that evidence had be^i detected of a 
chemical influence in magnetism; it did appear that 
sometimes a retarding force was exerted, and often an 
accelerating one. This has been again denied, and we 
have array^ in opposition to each other some of the 
first names among European experimentalists. The 
question is not yetito be regarded as settled ; but, firom 
long and tedious investigation, during which every old 
experiment has been rq>eated, and numerous new ones 
tried, we iacline to the conclusion that chemical action 
is not directly affected by magnetic power. It is highly 
probable that magnetism may, by altering the structural 
arrangem^it of the surface, vary the rate of chemical 
action ; but this requires confirmation.* 

There is no substance to be found in nature existing 
independently of magnetic power. But it influences 

* On the supi^osed injfuence of Magnetism and Chemical Action; 
l\y Eobert Hunt. — Philosophical Imigaziue, vol. xxxii. No. 215, 
18A9. 
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bodies in different wsljs : one set acting with relation to 
magnetism^ like iron, and arranging themselyes along 
the line of magnetic force, — ^these are called magnetic 
bodies ; another set, of which bismuth may be taken as 
the representative, always placing themselves at right 
angles to this line, — ^these are called diamagneiie 
bodies,^ This is strikingly shown by means of powerful 
electro^magnets ; but the magnetism of the earth is 
sufficient, under proper care, to exhibit the phenomena. 
Every substance in nature is in one or other of these 
conditions. The rocks, forming the crust of the earth,, 
and the minerals which are discovered in them ; the 
surface soil, which is by nature prepared as the fitting 
habitation of the vegetable world, and every tree, shrub, 
and herb which finds root therein, with tiieir carbona- 
ceous matter, in all its states of wood, leaf, flower, and 
fruit ; the animal kingdom, from the lowest monad. 

* Those bodies which are attracted by a magnet, as iron is, are 
called magnetic bodies. Those which are, on the contrary, repelled 
by the same power, are termed diamagnetic bodies. On these Dr. 
Faraday remarks : — ** Of the substances which compose the crust 
of the earth, by far the greater portion belong to the diamagnetic 
class ; and though fefmiginous and other magnetic matters, being^ 
more energetic m their action, are more striking in their pheno- 
mena, we should be hasty in assuming that, therefore, they over- 
rule entirely the effect of the former bodies. As regards the ocean, 
lakes, rivers, and the atmosphere, they will exert their peculiar 
effect almost iminfluenced hj any magnetic matter in them, and 
as respects the rocks and mountains, tiieir diamagnetic influence 
is perhaps greater than might be anticipated. I mentioned that 
by adjusting water and a salt of iron together, I obtained a solution: 
inactive in air ; that is, by a due association of the forces of a body, 
£rom each class, water and a salt of iron, the magnetic force of the 
latter was entirely counteracted by the diamagnetic force of the 
former, and the mixture was neither attracted nor repelled. To 
produce this effect, it required that more than 48'6 grains of crys* 
tallised protosulphate of iron should be added to ten cubic inc^e8 
of water (for these proportions gave Ik solution which would set 
equatorifiuy), a quantity so lai*ge, that I was greatly astonished on 
observing the power of the water to overcome it. It is not, there- 
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through the entire series up to man, — have^ all of than, 
distinct magnetic or diamagnetic relations. 

'^ It is a curious sight/' says Dr. Faraday, '' to &ee a 
piece of wood or of b^f, or an apple, or a bottle of water 
repelled by a magnet, or, taking the leaf of a tree, and 
hanging it up between the poles, to observe it take an 
equatonal position. Whether any similar effects occur 
in nature among the myriads of forms which, upon all 
parts of its surface, are surrounded by air, and are sub- 
ject to the action of lines of magnetic force, is a ques- 
tion which can only be answered by future observa» 
tion.''* 

At present, the bodies which are known to exhibit 
decided ferro-magnetic properties are the following 
which stand arranged in the order of their intensity : — 

Iron, Nickel, Cobalt, Manganese, 
Chromium, Cerium, Titanium, 
Palladium, Platinum, Osmium. 

It is interesting to know that there aire evidences 
that two bodies wUch, when separate, are not magnetic, 
as iron is, become so when combined. Copper and 
zinc are both of the diamagnetic class, but many kinds 
of brass are discovered to be magnetic. 

The salts of the above metals are, to a greater or less 
extent, ferro-magnetic, but they may be rendered neutral 
by water, which is a diamagnetic body, being repelled 
by the magnet. It will be unnecessary, here, to enume- 
rate the cLass of bodies which are diamagnetic ; indeed, 
all not included in the preceding list may be considered 
as belonging to that class, with the exception of gases 

fore, at aU unlikely that many of the masses which form the crust 
of this our globe, may have an excess of diamagnetic power, aud 
act accordingly."— Oft new magnetic actions f andonthemaffnetie 
eondititm qf all nwtter; by Michael Faraday, D.C.L., F.R.S., Ac. 
— Philosophical Transactions, Jan. 1846, vo]. cxxxyii. p. 41. 
* Ibid. 
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and vapours^ which appear to exists relatively to each 
other^ sometimes in the one^ and iBometimes in the other 
condition.* 

To endeayonr to reduce onr knowledge of these facts 
to some practical explanation^ we must bear in mind 
that particular spaces around the north and south geo- 
gra,phical poles of the earth, are regarded as circles to 
which all the magnetic lines of force converge. Under 
circumstances which should prevent any interference 
with what is called ferro-magnetic action, all bodies 
coming under that class would arrange themselves ac- 
cording to the laws which would regulate the dispo- 
sition of an infinite number of magnets, firee to move 
within the sphere of each other^s influence. The north 
and south pole of one magnetic body would attach itself 
to the south and north pole of another, until we had a 
line of magnets of any extent; the two ends being in 
opposite states, like the magnetic points of convergence 
.of the earth. 

Every body, not ferro-magnetic, places itself across 
such a line of magnetic force as we have conceived ; and 
if the earth were made up of separate layers of ferro- 
magnetic and diamagnetic bodies, the result would be 
the formation of bands at right angles to each other. 
This is not the case, by reason of the intermingling of 
the two classes of substances. Out of the known che- 
mical elements we find only about ten which are actively 
ferro-magnetic; the others combining with these give 
rise to either a weaker state, a neutral condition, or the 
balance of action is turned to the diamagnetic side. 
Sulphate of iron, for instance, is a magnetic salt; but 


4* 


On the Diamagnetic eonditioM of Flame and Gases, by Michael 
Faraday, F.B.S. ; and On the motions presented by Flame when 
wider Electro-Magnetic Influence^ by Professor Zandeteschi.— 
Philosophical Magazine, 1847, pp. 401—421. 
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in solution^ water being diamagnetic, it loses ii» 
property. The yellow prusnate of potash dissolved 
in water is a diamagnetic body ; but the red 
prussiate^ which contains an atom less of potassium^ 
is magnetic: but in the solid state they are both 
diamagnetic* 

From this it would appear that the chemical compo* 
sition of a body regulated its relation to magnetism. 
The following facts will show, however, that the mole* 
cular structure is more particularly concerned in de- 
termining the molecular condition of substances. 

M. Pliick^, being desurous of finding the extent to 
which the tUredian of the fibres in organic bodies mi^t 
influence their magnetic or diamagnetic properties, wa» 
led to inquire whether in crystak the direetian of the 
optic axes, which itself dep^ids upon the arrangement 
of the particles, might not also exercise some influence. 
The firet submitted to the action of the eLectro-magnet 
a thin plate of tourmaline, such as is employed in experi- 
ments upon polanzati(m, having its optic axis parallel to 
its longest length. It was very quickly perceived that 
the plate was magnetic, by the effect of the iron tiiat it 
contains; but it was suspended sucoeasively in three 
ways,— first, so that its longest side was vertical, then as 
that the shortest side was vertical, aitd finally so tibat 
the plate itself was horizontal. In the first case it is 
dired^d between the two points of the conical curvatures 
of the poles like a magnetic body ; but, ia the other 
two cases, on the oc^trary, it took the direction assumed 
by diamagnetic bodies — that is to say, a direction sudi 
that its longest length was perpendicular to the lii^e 
joining the poles. This direction indicated that the 
optical axis was repelled by the two poles, and that this 

♦ On Diamagneiism ; hj Professor Fliicker, of Bonn.—Pfailo 
sophlcal Magazine, July, 1848. 
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repulsion outweighed the magnetic properties of the 
crystal.* 

The relation of structure to physical phenomena of 
essentially different characters is remarkable. Savart, 
when making crystalline plates of quartz and carbonate 
of lime vibrate^ succeeded in determining a relation 
between the acoustic figures that are produced in them, 
and the particular mode of the crystallization of the 
substance. He found that the direction of the optical 
axis is constantly connected with that of the principal 
forms of the acoustic figures. 

Mitscherlich has remarked that crystals do not expand 
uniformly by heat^ but that this dilatation is greater in 
one direction than in another ; and that this difference 
is connected with their crystalline form. M. de Senar- 
mont has shown that conductibility for heat, which is 
equal in all directions for the crystals of the regular 
system, acquires in others a maximum or a minimum 
value, according to directions parallel to the crystallo- 
graphic axes ; so that the isothermic surfaces, which are 
spheres in the former case, are, in the other, ellipsoids 
elongated or flattened in the same direction. The optical 
axes do not altogether coincide with the principal axes 
<3f conductibility fen* heat ; but this appears to be due 
merely to slight differences in the rate of progression, 
or the refrangibility of the luminous and calorific rays. 

Wiednmnn, by employing a fijie point through which 
he made electricity arrive upon a surface that he had 
powdered with licopodium or red lead, succeeded in de* 
termining, by means of the form assumed by this light 
powder, the conductibility of crystals in different di« 
rections. 

On a surface of glass, the powder which disperses 
itself around the points, in consequence of electric re- 

* For a detailed account of the experiments of Faraday, Plucker^ 
Becquerely Tyndale, and Knoblauch, see De La Bive's T^etOise ok 
Sieetrieii^ in Tkeory end Practice, 

8 


258 HVLIOinjAJt ABKAKOXMBNT. 

poLsioii, finrmfl a cunmlsr figure tnnnened bjr ladiL 
When a plate of gypsum is used instead of ghtm Ae 
figore is fonnd to beeUiptioaly and the great osib of the 
ellipse forms axiglit angle irith Hie prine^ial carystdfe- 
grapliic aods, which proves that the electricity dutribntes 
itsctf more easily in. a direction perpendioalartoihe aids 
than in any other. M. Wiedmann comes to tlie oen- 
clnsion that cr}r8tals which possess ahettercandnotifaSify 
in ibe direction of the principal axis, all belong to the 
class of negative crystab: while those which have a 
better conductibility in the direction perpendicular to 
the axis are pontiTe, which indicates that the direction 
of best conductibilily for electricity is alsothat according 
to which light is propagated xelatiyely with greater 
velocity. 

Tyndale has shown, that if gotta percha which ba& 
been rendered fibrous in manu£EM;tnre is cut so ibajt the 
fibres are in the directian of this greatest loigth, or in 
a direction perpendicular to this greatest lengthy and 
placed -under ^ influence of a magnet, they direct 
theroaehes equatoriaUy. Ivory cot in the.same direc- 
tion manifests the same conditions^ though both these^ 
aubi^tances are diamagnetic. 

The fibrous structure, and the planes of cleavage, thus 
determine the magnetic condition of a substance. The 
special properties presented by eiystals, in regard to 
the action exercised xqpon them by magnets, is due to 
a particular mode of grouping their particles. This is 
also the cause of. unequal dUatabiUty, and of unequal 
conductibility for heat and for electricity. 

'How curiously, therefore, does molecular structure 
determine the relation of a body to any of the forms of 
physical force ! 

We still search in the dark, and see but dimly the 
evidences ; yet it becomes almost a certainty to us^ that 
this stone of granite, with its curious arrangement of 
felspar, mica, and quartz, presents its peculiar condition 
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lin Tirtae of some law of mngnetic fovce. ^e cty^Jbal, 
too^'flf qnartz^ wUdi'we Ixroak 'ont of ibe maae^ and 
^luoh preMsits io lis a bcniitiiUfy oregM figisre^ is/lie- 
yond a doubt, so farmed, tieeai»e the attorns -of c^ca aore 
each one impelled in obedience lo one of lihese two con^ 
dkions el magnetism to set themsdyes in a oeitun order 
to eadb other, which cannot be altered by human force 
wi&LOQt :dfiHt!nietiBn. 

All the laws which regulate the forms of crystals and 
amorphous 'bodies «sb, to the greatest degree, -simple. 
Innatni^ the end is ofer attmned by the easiest means; 
audtlie complexity of operation, which appears some- 
times to the observer, is asty so because he cannot see 
the spring by which the machilie is moved. 

The gaseous envelope, our atmosphere, is iii a neutral 
«late. Oxygen is strikingly magnetic in relation to 
l^^dn^en gas, whilst nitrogen is as singxQarly the con- 
tvory ; imd the same contrasts paresent themselyes when 
•IdMsse gases are examined in their •relation to common 
air. Thus, oxygen being magnetic, and nitrogen the 
t»iife»ny, twe haire an eqmlibiiiim ertabUdied, ana the 
result is ;a compound neutral in its relations to all 
matter. AU gases and vapouxB are found 'to be dia- 
magnetie, but in different d^rees:^ This is shown by 
liassing a streaiji of the gas, rendered visible 'by a llttie 
smoke, witiun ^the influence of a powerful magnet. 

* A few examples taken from Br. Faraday's paper will show 
this: — 

Nitrogen (being aotedon was manifesfiy diami^etic in relation 
to eommon air when both ware of the same temperatuva. Oxygen 
fuppears to be magnetic in common air. Hydrogen proTcd to be 
clearly and even strongly diamfignetic. Its diamagnetic state showa, 
in iei striking point of view, that gases, like solids, have peculiar 
and distinctive degrees of dmmagnetic force.. Cn^onic acid* gas 
is diamagnetic in air. Carbonic oxide was carefully freed from 
oarbohio acid before it was used, and it appears to be more dia- 
magnetic than carbonic acid. Nitrous oxide was moderately, but 
clearly, diamagnetic in air. Olefiant gas was diamagnetic. The 
coal gas of London is very well diamagnetic, and give^ exceedingly 
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These bodies are, however, foand relatively to each 
other,— or even to themselves, under different thermic 
oonditioi)p, — ^to change their states, and pass firom the 
magnetic to the diamagnetic class. Heat has a very 
remarkable influence in altering these relations; and 
atmospheric air at one temperature is magnetic to the 
same fluid at another: thus, by thermic variations, 
attraction or repulsion may be alternately maintained. 
By this it must be understood that a streiun of air, at a 
temperature elevated but a few degrees above that of an 
atmosphere of the same kind into which it is passing, is 
deflected in one way by a magnet; wheroas, if the 
stream is colder than the bujk through which it flows, 
it is bent in another way by the same force. In 
this respect magnetism and diamagnetism show equally 
the influence of another physical force, heat; and 
we may safely refer many meteorologiod phenomena 
to similar alterations of condition in the atmosphere, 
relative to the magnetic relations of the aerial cur- 
rents. 

That magnetism has a directive power is satisbctoiily 
shown by th^ formation of crystals in the neighbourhood 
of the poles of powerful magnets. The common mm 
salt, the proto-sulphate, ordinarily crystaUixes so that 
the crystals unite by their faces ; out when crystallinng 
under magnetic influence, thqr have a tendency to 
arrange themselves with regard to each other so that 
the acute angle of one crystal unites with one of the 
fiices of another crystal, near to, but never actually at, 
its obtuse angle. In addition to this, if a magnet of 
snfB.cient power is employed, the crystals arrange them- 
selves in magnetic curves froin one pole to the other, a 
larger crop of crystals being always formed at the nordi 

good and distinct results. Sulphurous acid gas is diamqgnetic 
in air. Muriatic acid gas was decidedly diamagnedo in air.— 
On the Diamajftutie ConditUms qf Fiame akd Ga§e9 : Pbilosophioil 
Magazine, 1847, p. 409. 


ON CRYSTALLIZING BODIES. 261 

than at the south pole. Here we hare evidence of an 
actual turning round of the crystal^ in ohedience to the 
diTective force of the magnet; and we %aye the curious 
circomstance of a difference in some way, which is not 
clearly explained, between the two opposite poles. If, 
instead of an iron or a ferro-magnetic salt, we employ 
one which belongs to the other, or diamagnetic, class, 
we have a curious difference in the result, ff into a 
glass dish, fixed on the poles of a strong eleQtro-magnet, 
we pour a quantity of a solution of nitrate of silver, and 
place in the fluid, over the poles of the magnet, two 
globules of mercury (an arrangement by which that 
arborescent crystallization, called the Arbor Diana, is 
produced,) we have the long needle-shaped crystals of 
silver, arranging themselves in curves which would cut 
the ordinary magnetic lines at right angles.^ 

In the first example given we have an eihibition of 
magnetic force, while in the last we have a striking 
display of the diamagnetic power. 

The lai^e majority of natural formations appear to 
group themselves under the class of diamagnetics. 
These bodies are thought to possess poles of mutual 
repulsion among themselves, and which are equally 
repelled by the magnetic points of convergence. Con- 
fining our ideas to single particles in one condition or 
the other, we shall, to a certain extent, comprehend the 
manifold results which must arise from the exercise of 
these two modes of force. At present, our knowledge 
of the laws ef magnetism is too limited to allow of our 
making any general deductions relative to the dispo- 
ntion of the molecules of matter ; and the amount of 
observation which has been given to the great natural 
arraQgements> is too confined to enable us to infer more 

* For illustnitioD of this I must refer to my own Memoir, Rc- 
warehis on ike Influence of Magnetism and Voltaic ElectricUy on 
CryiiaUiMatum, and other eonditiong of tnaiter, in the Memoirs of 
the Qeologieal Survey of Grreat Britain, &c., vol. i. 
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than that it* is probable many of the stmetoral coi^ 
ditions of our planet are doe to pcdarily. 

Mountain rangea obaerve a wngpilar xmifinrmiiy of 
direction, and thedeayagephuieaof rockaie evidentiy 
determined by some all-perrading power. Mineral 
bodies are not distributed in all rocks indiacnBunateLy . 
The primary formations hcdd one chiss of metalliferooa 
ore% and the mi»e recent ones another. This ia not 
to be regarded as in any way connected with tibflu? 
respective agea^ but with some peculiar condition oi 
the stone itself. The granite anid slate TodsB, at thdr 
junctions^ present the required conditionft for the de- 
posit of copper ore, while we find the limestones have 
die ehasaeteristie ^yncal state for aocumnlating lead 
OBe. Again, on examining any mineral vein, it will be 
at once lyparent that evay partide of ece, and every cryBi- 
tal of quartz or limestone, is di^osed in adirection whsch 
indic ates the exercise of some powerful directive agency **^ 

It appears, from all the remilts hitiberto obtained^ dbat> 
the magnetic and diamagnetic condition of bodiea is 
equally due to some peculiar property of matto* in re» 
liUaon to the other fianB» of eleetncity. We have not 
yet andved at the connecting link, but it does not afpear 
to be far distant. 

We have already re&sied to the statement made by 
talented experimentalists, tiiat magnetism hasa powerfidi 
influence in either retarding or accelerating (diemieal 
combination. Beyond a doubt chemical actimi weakena 
the power of a magnet ; but the disturbance idiiidi it. 
oocaaionain soft iron,^ on the ccntvaiy, a^^eaBS^ to< tend 
to ita receiving magnetism move readjhjr,, andi retaining 
it more permanently. Further investigations aee^ how-- 

♦ In a work published by Mr; Evan Hopkins, entided On tie 
CmneoBUm of Qeohjff with TmrettrM Masmetiam, will be found 
many valuable practical obseivations, made in- this eountry and 
the gold and sUTer districta of America; bnt the views taken by 
the author are open to many objeotions* 
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leswer, roqioredy hefiise we can decide Batiahctanij eitiber 
of these problems^ botL of vhich. bear Y&ey, strongly 
iqMn tibe subject we ba^e just been oon^deiing. 

We hare seen thi^ heat and electricity act stzrangely on 
mi^Betio foroe^. and that this statical power reacts upon 
th^m : and thus the question naturally arises^ Do light 
and. nfwi gnfttianfi in any way act upon each other ? 

Morichini and Caxpi on the continent, and Mss^ 
SoEmendlle in England, have stated that tHnall bars of 
steel can be rendeDed magnetic by exposing them to 
the influence of the violet rays of light. Th^ results 
have been, denied by otfaer8> but again, repeated and 
apparently confirmedL In aU. probability, the n^ to 
winch the needles were expos^ beiog those. in which 
the maidnmm actinic power i» found, produced an 
actual chemical change j and tiiea, if ihe position were 
fiviYmrable, it is quite evident that magnetism: would be 
imparted. Indeed we have found this to be the case 
whan the needles, exposed to solar ladiaticnis^ weiie placed 
in the direction: of tte dip. The supposed magnetii^ition 
of light by Faraday has already been mentioned. If 
the influence in one case is deteraniued, it will render 
the other more probable.* 

In seeking for a cause,^' writes Sir David Brewster, 

which is capable of inducing, magnetism on the fecrui- 
:ginous matter of our globe, whether we place it within 
the earthy or in>it» atmosphere, we are limited to the, 
SUN, to which all the magnetic phenomena have a dis- 
tinct reference; but, whether it acts by its heat, or by 
its light^. or by specific rays, or influences of a magnetic 
nature^ must be laft to fiiture inquiry/'t 

* 8^6 a notice by Faraday of Mbnchini's Experiments in 
Belatitms (f Light to Magnetic fhree^Pbilosophioal Tlunfiactions, 
vol. cxxxvli. p. 16. See also Mh Christie On Magnette h^kence 
is the Solar nage — Philosophical Transactions, voL cvii. p. 210"; 
vol. cxix. p. 879; 

f Sir David Brewster On Magnetism; lepnbliMted from tMe 
Encyclopedia Britannica. 
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We have learnt that magnetism is not limited to ferra- 
ginous matter; we know that the andent doctrine of 
the imiversabty of the property is tnie. Kirchcg:^ in 
his strange work on Magnetism, published in the early 
part of the seventeenth century* — ^a curious exemplifi- 
cation of the most unwearying industry and careful 
experiment, combined with the influences of the creduHty 
and superstitions of his ' age — attributes to this power 
nearly all the cosmical phenomena with which, in his 
time, men were acquainted. He curiously anticipates 
the use of the supposed virtue of magnetic traction 
in the curative art; and as the titles of his con- 
cluding chapters sufficiently show, he was a firm be- 
liever in animal magnetism.f But it is not with 
any reference to these that we refer to the work of 
Athanasti Kircheri, Societatis Je»u, Mat/nes, swe de 
Magnetivd Arte^ but to show that two hundred years 
since, man was near a great truth; but the time of its 
development being not yet come, it was allowed to sleep 
for more than two centuries, and the shadow of night 

* The whole of the title of Kircher's book will convey somB idea 
of the subjects embraced: — Athanasii Kircheri Societatis Jesu 
Magnes, sive de Arte Maguetica; opus tripartitum, quo Universa 
Magnetis Natura ejusque in omnibus Soientils et Artibus usus 
nova methodo explicatur : ac pr»terea e viribus et prodigiosis 
effectibus Magneticarum aliarumque abditarum Naturse Motionum 
in Elemeotis, Lapidibus, Plantis, Animalibus elucescentium : 
multa hucusque incognita Natur» Arcana, per Physica, Medica, 
Ghymica, et MathematicaomnisgenensExperimentarecluduntur 
Editio Tertia : ab ipso Authore recognita emendataque, ac multi& 
novorum Experimentorum Problematibus ancta. Bomie, 1654. 

f The following are the titles of the concluding chapters of 
£iroher*s book :-^De magnetismo soUs et luna in maria. i)e mag- 
neticA vi plantarum, De insitionis magneticis miraculU. De mag- 
netismo virgula auriferm $eu divinatoruB. De plantis heliotropU9 
torumque magneiigmo. De magnetitmo rerum medidnafium. De vi 
attractive potentim imaginative, De magnetismo musiete, De 
magnetismo amoris. 
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had covered it. In speaking of the vegetable world, 
and the remarkable processes bv which the leaf, the 
flower, and the fruit are produced, this sage brings foif- 
ward the fact of the diamagnetic character of the plant, 
which has been, within the last two years, re-discovered; 
and he refers the motions of the Sun-flower, the closing 
of the Convolvulus, and the directions of the spiral, 
formed by twining plants, to this particular influence. 

This does not appear as a mere speculation, a random 
guess, but is the result of deductions from .experiment 
and observation. Kircher doubtless leaped over a wide 
space to come to his conclusion ; but the result is valu- 
able in a twofold sense. In the first it shows us that, 
by neglecting a fact which is suggestive, we probably 
lose a truth of great general application ; and secondly, 
it proves to us, that by stepping beyond Jhe point to 
which inductive logic leads, and venturing on the wide 
sea of hypothesis, we are liable to sacrifice the true to 
the false, and thus to hinder the progress of human 
knowledge. 

Magnetism, in one or other of its forms, is now proved 
to be universal, and to its power we are disposed to refer 
the structural conditions of all material bodies, both 
organic and inorganic. This view has scarcely yet been 
recognised by philosophers ; but as we find a certain 
law of polarity prevailmg through every atom of created 
matter, in whatever state it may be presented to our 
senses, it is evident that every particle must have a polar 
and directing influence upon the mass, and every co- 
herent mass becomes thus only a larger and more 
powerful representativ.e of the magnetic unit. Thus we 
see the speculation of Hansteen, that the sun is, to us, 
a magnetic centre, and that it is equally influenced by 
the remoter • suns of the universe,* is supported by 
legitimate deductions from experiment. 

* " For these reasons it appears most natural to seek tbeir 
origin in the sun, the source of all living activity, and our coil- 
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The great difficulty is not, howeyer, got xid of by 
this speculation ; the cause by which the earthf a mag- 
iKtum k indiiced is only lemoved further off. 

Jectnro gains probability from the pseseding ramariia on the 
daily oscillatioiis of tbe needle. Upou this piindple the sua 
may be conoeived as possessing one or more ma^etio axes, 
which, by distributing the force, occasion a magnetic difference 
in the ear4li, in the moon, and all liiose planets whose 
internal struotuie admits of suoh a diflGsrence. Yeft, allowing 
all thiSj the main difficulty seems not to be overcome, but 
merelj removed from the eyes to a greater distance; for the 
question may still be asked, with equal justice, whence did 
the sun acquire its magnetic force? And if from the sun we 
have rsooone to a central sun, and from that agun to a gensnd 
magnetio direetion throughout the univene, having the Millij 
Way, for its equator, we but lengthen an unrestricted chain, 
«very link of which hangs on the preceding link, no one of 
them on a point of support. All things considered, llie follow- 
ing mode of representing the subject appears to me most 
plausible. If a smgie g^obe were left to move alone freely in tbe 
immensity of qsaoe, the opposite forces existing in its material 
structure would soon arrive at an equilibrium conformable to their 
nature, if they were not so at first, and all activity would soon 
•eome to an end. But if we imagine another globe to beintroduoed, 
a mutual xelation will arise between Ae two; and one of its 
results will be a reciprocal tendency to unite, which is designated 
and sometimes thought to be explained by the merely descriptive 
word Attraction. Now would this tendency be tiie only conse- 
quence of this relation ? Is it not more likelv that the fundamental 
forces, being drawn ftom tiieir state of indtfilBraDsa or mt^ 
would exhibit their enerjQf in all possiUe direetions, giving rise to 
all kinds of contrary action ? The electric force is excited, not by 
friction alone, but also by contact, and probablj also, though in 
smaller degrees, by tiie mutud action of two bodies at a distance ; 
for mnteet is nothing but tiie smallest possible distaoioe, and Hiaft, 
moreover, only for a few small particles. Is it not conoeiv^dble 
that magnetio force may likewise oriffinate in a similar manner? 
When the natural philosopher and the mathematician pay r^ard 
to no other efibct of the reciprocal relation between two bodies at 
a distanoe, exoept the .tendency to unite, thev prooetd^logioally; if 
their investigations le^uire notliing mora than a moviagpowier; 
but should it be maintained that no other energy can be developed 
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The idea of a magnetio fluid is scarcely t^aable ;: and 
ihe ferruginous nature of the Aurora boreali» receives 
no proof from any investigation; indeed^/n^ have pro- 
iniied. evidence to show l^iat iron is not at all. necessary for 
the production of magnetic phenomena* The leaf of a 
tree,, a flower^ fruit, a piece of animal nuisde, ^ass, paper, 
and a variety of similar substances, have the power of 
repelling the bar of iron which we call a magnet, and 
of placing it at ri^it angles to the direction of the foree 
exerted by themi. This is a point which must be oon*- 
stantly borne in nodnd. when we now consider the 
mysteries of mimetic phenomena. 

Any two masses of matter act upon each, other 
aocovding to thia law, and al&ough by tjie powerof 
<x>hesion the force may be brought to an eqioilifaaium, or 
to its zero point, it is never lost, and may be readily and 
rigidly manifested by any of the meaus employed for 
electrical excitation^ 

Beasoning by analog, tlie question feirly suggests 
itself: K two systems of inorganic atomic constitution 
ase thus invest^ with a power of influencing each othesi 
through & distance^ why may not two more highly 
developed organic ^stems equally, or to a greater ex- 
tent, iwodnce an; influence in like manner ? Uponsudh 
reasoning as this is founded t^e phenomenon known as 
Ajiimal Magnetasmi There i& no denying the fact tiiat 
one- mass of blood, muscle, nerves, and bone, must, 
magnetically, influence another similar mass* This is, 
however, something totally different from that abnormal 
-condition which is produced through some peculiae and, 
a» yet, uaexplainedf physiological inflnenoesw 

With: the mysterious open^na of vitel action, the 
forces which we have been considering have nothing 

between two sucht bodies, the asserdon will need proof, and the 
TOoof will* be bard to find.** — ^The above, is a^tranidatioiL iroin 
Hansteen's work On Magneiiim. 
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whatever in common. The powers which are empkyjed 
in the arrai^ements of matter are, notwithstanding their 
subtile character, of far too gross a nature to influence 
the psychological mysteries which present themselves to 
the observant mind. It cannot be denied that, by 
placing a person of even moderate nervous sensibilily 
in a constrained position, and under an unnatural 
influence of the mind, as acquired by the disciples of 
Mesmer, a torpor affecting only certain senses is pro- 
duced. The recognised and undoubted phenomena are 
in the highest degree curious — but in these the marvels 
of charlatanry and ignorance are not included; — and 
the explanation must be sought for by the physiologist 
among those hidden principles upon which depends all 
human sensation.* 

Man, like a magician, stands upon a promontory, and 
surveying the great ocean of the physical forces which 
involve the material creation, and pix)duce that infinite 
variety of phenomena which is unceasingly exhibited 
around him, he extends the wand of intelligence, and 
bids the "spirits of the vasty deep" obey his evocation. 

The phenomena recur — ^the great processes of creation 
go on — ^the external manifestations of omnipotent 
power proceed — effects are again and again produced ; 
but the current of force passes undulating onwards ; — 
and to the proud bidding of the evocator there is no 
reply but the echo of his own vain voice, which is lost at 
last in the vast immensity of the unknown which lies 
b^ond him. 

We see how powerfully the physical forces, in their 
various modes of action, stir and animate this planetary 
mass; and amongst these the influence of magnetism 


^ See article Animal Magnetism, Encyclopaedia Britannica, and 
Mr. Braid's papers On HypnoHtm, publisned in the '* Medical 
Times." 
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appears as a great directing agent^ though its origin is 
luJuiowii to us. 

That power which, like a potent spirit, guides 
The searwide wanderers over distant tides, 
Inspiring confidence where'er they roam, 
By indicating still the pathway home ; — 
Through nature, quioken'd by the solar beam, 
Invests each atom with a force supreme. 
Directs the caTern*d crystal in its oirth. 
And frames the mightiest mountains of the earth ; 
Each leaf and flower by its strong law restrains, 
And binds the monarch Man within its mystic chains. 
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CHAPTER M. 

CHEMICAL FORCES. 

Nature's ObemiBtry— 'Ohangjw produced by Chemical Oombina- 
tion^Atomic Oonstitutioii of Bodies— Laws of Oombinatior^ 
— Combining Equiyalents — Electiye Affinity — Chemical 
Decomposition — Compound Character of Chemical Phe- 
nomena — Catalysis or action of Presence— Transformation 
of Organic Bodies — Oraanio Chemistry — Constancy of 
Combining Proportions— The Law of Volumes, the Law of 
Substitutions, Isomerio States, &c. 

All things on the esirth are the result of chemical com- 
bination. The operations by which the commingling of 
molecules and the interchange of atoms take place^ we 
can imitate in our laboratories; but in nature they 
proceed by slow degrees^ and^ in general^ in our hands 
they are distinguished by suddenness of action. In 
nature chemical power is distributed over a long period 
of time^ and the process of change is scarcely to be 
observed. By art we concentrate chemical force, and 
expend it in producing a change which occupies but a 
few hours at most. Many of the more striking pheno- 
mena of nature are still mysterious to us, and principally 
because we do not, or cannot, take the element time 
into calculation. The geologist is compelled to do this 
to explain the progress of the formation of the crust of 
the earth, but the chemist rarely regards the effects of 
time in any of his operations. The chemical change 
which withan the fissure of the rock is slowly and 
silently at work, displacing one element or molecule. 
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and refflacing it by anotlieT, k in idl probability Hie 
operation of a truly geological period.- Many^ however^, 
of the obangeB.wbicti are constantly going on around us, 
are of a much nii»e rapid diaracter, and in these nature 
is tno slower in maniptdating than ihe chemist. 

Had it been that the elements which are now found 
in combination could exist in a &ee state, the most 
disastrous consequences would necessarily ensue. There 
must have been a period when many of the combinations 
jsnown to us were not yet created. Their elements 
either existed in other forms, or were uncombined- 
Our rocks are compounds of oxygen with certain pecu- 
liar metals Which \inite iirith oxysen so rapidly that 
incandescence is produced by their Combination. Lt ns^ 
suppose that an/of theseletals existed in punty, and 
that they were suddenly brought into ccfutact with 
inrter, the atmoepheric Vir^ ^ my bodjr containinr. 
oxygen, the result urould be a convulsion of the most 
feai^ kind; the enti^ mass of metal would glow with, 
intensity of heat, and the impetuosity of the action would 
only be subdued when the whole of the metal had 
betome oxidized. Volcanic action has been referred to 
«ome such cause as this, but there is not sufficient 
evidence to support the hjrpothesis ; indeed, it is con- 
trary to the opinion of most philosophers;* Such a 
condition may possibly have existed at one time, during 
tiiat period when darkness was upon the face of the 
deep, when the earth was a chaos ; but it is only adduced 
here as an example of the violent nature of some 
chemical changes. Potassium thrown on water bursts 
into flame, and sodium does so under certam conditions. 
If these, or the metals proper in a state of fine division, 
are brought into an atmosphere of chlorine, the intensity 

* AH the pbenoTnena connected with volcanic action, and the 
theories connected therewith, will be found in Dr. Daubeny's 
work, A description^ of active and extinct Volcanoes, of Earthquakes r^ 
end of Thermal Springs. 1848. 
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of chemical action is so great that.they beoome incan- 
descent, many of jthem glowing vrith extreme brilliancj. 
If hydrogen gas is mixed with this element (chlorine) 
they unite, under the influence of light, with expkmve 
violence, giving rise to a compound, munatic acid, which 
combines with water in an almost equally enei^etic 
manner. Nitrogen, as it exists in the atmosphere 
mixed with oxygen, appears nearly inert ; with hydrogen 
it forms the pungent compound, ammonia ; with carbon, 
the poisonous one, cyanogen, the base of prussic acid ; 
with chlorine it gives rise to a fluid, oily in its appearance, 
but which, when merely touched by an unctuous body, 
explodes more violently than any*other known com- 
pound, shivering whatever vessel it may be contained in, 
to atoms; with iodine it is only slightly less violent; 
and in certain combinations with silver, mercury, gold, 
or platinum, it > produces fulminating compounds of the 
moist dangerous character.* Here we have elements 
harmless when uncombined, exhibiting the most de- 
structive effects if their combinations are at all disturbed ; 
and in the other case we have inert masses produced 
from active and injurious agents. 

We regard a certain number of substances as eU- 
mentary ; that is to say, not being able, in the present 
state of our knowledge, to reduce them to any more 
simple condition, they are considered as the elements 
which by combination produce the variety of sub- 
stances found in the three kingdoms of nature. 

We have already spoken of the atomic constitution of 
bodies. It remains now to explain the simplicity and 
beauty which mark every variety of combination under 
chemical force. As a prominent and striking example, 
water is a compound of two gaseous bodies, oxygen and 
hydrogen : — 

If we decompose water by means of galvanic elec- 




Graliam's Elements of Chem'stry, New Edition. 
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triettj^ OS detennine its cam^aiiaon by disect chemical 
aBf^ysi% we shall find it consists of two Yoliunesof hydio-> 
ffsa g^, united to one volume of oxygen, or, by weighty of 
ana part of hydi^eu combined with eight of oxygeiu 
In 100 pacts> therefore, we should find — 

Oxygen . . . . . 88-9 
HydirogeD iro 

It is found in the same way that the theoretical weight 
of the atom of carbon is 6, and that of nitrogen 14 ; 
whilst the atom of iron is 28, that of silver 108, of gold 
199 f and that of platinum and iridium each 98.^ Now, 
;as these are the relative weights of the ultimate in- 
divisible atom^ it follows that all combinations must be 
either atom to atom, or one to two, three, or four; but 
that in no case should combination, take place in any 
other than, a muldple proportion, of the equivalent or 
atomic number. This is found to be the case. Oxy- 
gen, for instance, combines as one, two, or three 
atonds ; its combination presenting some multiple of its 
equivalent number 8, as 16, or 24 : and in like manner 
the combining quantiiy of carbon is 6, or some multiple 
of that number. Where this law is not found stnctly 
to agree with analytical results, of which som^e ^^- 
amples are afforded by the sesquioxides, it may be 
attributed, without doubt, to some error of analysis or 
in the method of calculation. 

I^^othing. can be more perfect than the manner in 
which nature r^ulates the order of combination. We 
have no uncertain arrangement; but, however great the 
number of the atoms of one element may be, over those 
of another, those only combine which are required, 
according to this great natural law, to form the com- 
pounds all the others still remaining foee and imcom- 

* Graham's SlmmUg qf Ckemigiry ; and BFande's Maimal 
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Timed. These results certainly appear to prove that the 
elementary particles of matter are not of the same 
spedfic gravities. Do they not also indicate that any 
alteration in the specific gravity of the atom would give 
rise to a new series of compounds, thus apparently pro- 
ducing a new element?^ Surely theJJT nJtLg 
irrational in the idea that the mfluences of heat or 
electricity, or of other powers of which as yet we know 
nothing, may be sufficient to effect such changes in4:he 
atomic constituents of this earth. 

The combination of elementary atoms takes place 
under the influence of an unknown force which we are 
compelled to express by a figurative term, affinity. 
In some cases it would appear that the disposition of 
two bodies to unite, is determined by the electrical con- 
dition ; but a closer examination of the question than 
it is possible to enter into in this place, clearly shows 
that some physical state, not electrical, influences com- 
bining power. 

Chemical affinity or attraction is the peculiar dispo- 
sition which one body has to unite with another. To 
give some instances in illustration. Water and spirit 
combine most readUy : they have a strong affinity for 
each other. Water and oil repel each other : they have 
no affinity ; they will not enter into combination. If 
carbonate of potash is added to the spirit and water in 
sufficient quantity, the water is entirely separated, and 
the pure spirit will float over the hydrated potash. If 
potash is added to the oil and water, it combines with 
the oil, and, forming soap, they all unite together ; but, 
if we now add a little acid to the mixture, the potash 
will quit the oil to combine with the acid, tod the oil 
will be repelled as before and float on the liquid. This 
has been called single elective affinity. These elections 
were regarded as constant, and chemists drew up tables 
for the purpose of showing the order in which these 


DOUBLE ELECTIVE AFFINITY. 275 

decompositions occur.* Thus, ammonia, it was shown, 
would separate sulphuric acid from magnesia, lime 
remove it from ammonia, potash or soda from lime, and 
barytes^ from potash or soda. It was thought the 
inverse of this order would not take place, but recent 
researches hav& shown that the results are modified by 
quantity and some other conditions. 

It often happens that we have a compound action of 
this kind in wUch double election is indicated. Sul- 
phate of lime and carbonate of ammonia in solution are 
brought together, and there result a carbonate of lime 
and a sulphate of ammonia. Now, in such cases 
nothii^ more than single elective attraction most 
probably occurs, and the carbonic acid is seized by the 
time, by the great afSnity of that earth for carbonic 
add, only after it has been set free from the ammonia, 
and then, by the force of cohesion acting with the com- 
bining powers, the insoluble salt is precipitated.t There 
is a curious fact in connection with this decomposition. 
If carbonate of lime and sulphate of ammonia are mixed 
together dry, and exposed, in a closed vessel, to a red 
heat, sulphate of lime and carbonate of ammonia are 


* Of these tables ofattractum the following may be taken as a 
specimen :— 

SuLPHUBic Acid. 
Baryta. 
Strontia. 
Fotassa. 
Soda. 
Lime. 
Magnesia. 
Ammonia. 

It thus appears that baryta separates sulphuric acid from its 
compounds with all inferior substances, and that ammonia is 
separated from the acid by all that are above it. 

f Berthollet : Essai de Statique Chimiquey 1803. Sir Humphry 
Davy, in his Elements of Chentical Philosophy ^ has given an ex- 
cellent review of the views of BeilhoUet. 
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formed. These opponte effects aie not Y«ry easily ex- 
plained, t The action of heat ia to set free the carbonic 
add ; and it can only be by supposing iliat considerable 
differences of temperature reverse the laws of affinily^ 
that we can at all understaiLd Has phenomenon. Tluit 
different effects result at hi|^ temperatares from, those 
which prevail at low ones, recent experiments prove to 
US, particularly those of Boutigny, alneady quoted when 
considering decomposition by calorific action. 

Under tiie term chemical affinity, which we reffod as 
a power acting at insenable distances, and producing a 
ehange in bocbes, we- are content to allow ourselves to 
believe that we hoFC explained the great op«*ationa of 
nature. We find that the v^etable and animal king^ 
doms are composed of carbon, hydrogen, oxygen, and 
nitrogen. The granite mountains of ^e earthy and its 
limestone hills, and all its oiher geological fiirmations^ 
are found to be metals and oxygai, and carbon and 
sidphiir, dki^sed to setde in luiiS»u» imon. m iheir 
prop^ places by chemical affinity. But what neidly is 
the power which combines atom to atom> and unites 
molecule to molecule? Can we refi^ the process to 
heat ? The influence of caloric, although by changing 
the form of bodies it sometimes assists combination, is 
to be regarded rather as in antagonism to the powier of 
cohesion. Can it be thought that electricity is active in 
producing the result? During every change of state, 
those phenomena which we term electrical are mani- 
fested ; but we thereby only prove the general diffiosion 
of the electric principle, and by no means show that 
electricity is the cause. of the chemical change. Can 
light determine these change? It is evident, although 
light m&y be tt distnrlmig power, that it cannot be the 
effective one ; for many oif these deoompo«ti0n» and re^ 
compositions are constantly going on within t&e dark 
and silent deptha of Uie earth, to which & sunbeam 
cannot reach. That the excitation on the flUKfiMe- of tbe 
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eBTth, prodaoed by wlar iufluenoe, may modify those 
chan^eMT probable. !Et is, however, ckrtaia iLt we 
mast regard aU mamfestittioiig of chemicd force as- 
dependent npon fiiome secret princiiiles common to all 
matter^ diffiased throughout the Tmiyerse, but modified 
by the influences of the known imponderable elemeats^ 
and by the mechanicalfaFQe of aggregative ^attraction. 

BodieB nndergo remarkable ^sfaanges of form, and 
present vezr different dharacterB. by reactions. wMch 
beofsevi^JdndB. We Bi^e that a perUieiit 
earpuBCular arrangement is maintained so long as the 
eqmHbraiim of the molecidar forces is midutnrbed. 
Water^ for instance^ remains unchanged so long as the 
belanee of affinity is kept np between the oxygen and 
l^drogen of which it is composed^ (ht so long a^t the 
osoiihitions of force belpween these eombming cdements 
aDB equal ; but disturb this >foFce^ or set np a new 
idbratory action^ as hy passing an electric xnirrent 
through the wst^, or by presenting another body^ which 
ha»1ihe power of reactii^ upon oneof these coorpuscular 
H^slems^and the water is deoomposed^ the hydrogen and 
oxygoi gases beii^ srt &ee, or one 4dane is Uberated, 
and "tiie other ^oomUned with the molecules of tiie agrait 
JBmployed^ and .a new ocnnponnd produced. This is 
.chemktry/by which sdence we discover aU the com- 
binations of matter. 

iSanng jeason to coniduAe that atom loomfaiiies wifli 
stom^Booovdingto a system most loyrinoittoiialy arranged^ 
(thessR (Can be no dxfficuliy in conoeiviiig that molecule 
unites with moleoule^ in b mannrar xegodated by some 
•equfdly well-anaiiKed law. It was^ indeed^ a diaoorery 
'by Wenael, of IFribourg^ titat, in -saltB which decompoae 
^each other, tte -add wldoh saturates one base will also 
satuzsle the otiber base ; and the aabBequent obserratioDS 
of Biditer, ^ Berhn, who ^attadied pmiportbnal num- 
bers to the ^adds and bases, and who remarked tiiat the 
neatrality «f metaUic salts does not change dnxingthe 
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predpitation of metals by each other^ which led the way 
to the atomic theory of Dr. Dalton^ to whom entirdy 
belongs the observation^ that the equivalent of a com- 
pound body is the sum of the equivalents of its consti- 
tuents, and the discovery of combination in multiple 
proportions. 

The elemtots of a molecule can take a new arrange- 
ment amongst themselves, without any alteration in the 
number pf the atoms or of their weight, and thus give 
rise to a body of a different form and colour, although 
possessing the same chemical constitution. This is the 
case with many of the organic compounds of carbon and 
hydrogen. 

The elements of a compound may be disassociated, 
and thus the diasimilar substances of which it is com- 
posed set free. A piece of chalk exposed to heat is, by 
the disturbance of its molecular arrangement, chained 
in its nature ; a gaseous body, carbonic add, is liberated, 
and quick-lime (oxide of ealdum) is left behind. If 
this carbonic acid is passed through red-hot metal tubes, 
or brought in contact with heated potassium, it is re- 
solved into oxygen and charcoal — ^the oxygen com- 
bining with the metal employed. The oxide of ealdum 
(lime), if subjected to the action of a powerful galvanic 
current, is converted into oxygen and a metal, ealdum. 
Thus we learn that chalk is a body consisting of two 
compound molecules, — carbonic add, which is formed 
by the combination of an atom of carbon with two atoms 
of oxjrgen, — and lime, which results from the union of 
an atom of ealdum with one of oxygen. 

The condition requisite to the production of diemical 
action between bodies is that they should be dissimilar. 
Two elementary atoms are placed within the spheres of 
each other's influences, and a compound molecule 
results. Oxygen and hydrogen form water; oxygen 
and carbon give rise to carbonic add; nitron and 
hydrogen unite to form ammonia; and chlorine and 
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hydrogen to prodace hydrocUoric acid. In all these 
cases an extmial force is required to bring the atoms 
within the range of mutual affinity : flame^ — the electrical 
sparky — actinism^ — or the interposition of a third body, 
is necessary in each case. There are other examples in 
which no such influence is required. Potassium and 
oxygen instantly unite : chlorine, iodine, and bromine 
immediately, and with much violence, combine with the 
metals to form chlorides, iodides, or bromides. 

With compound molecules the action is in many 
cases equally active, and combination is readily effected, 
as in the cases of the acids and the oxides of some 
metals, which are all instances of the most common 
chemical attraction. 

An elementary or simple molecule and molecules of a 
compound and different constitution are brought 
together, and a new compound results from an inter* 
change of their atoms, whilst an element is liberated. 
These are essentially illustrations of analytical che- 
mistry. Sulphuretted hydrogen is mixed with chlorine ; 
the chlorine combines with the hydrogen, and sulphur 
is set free. Potassium is put into water, and it oom^ 
bines with the oxygen of the water, whilst the hydrogen 
is liberated. 

Two compound molecules being brought together 
may decompose each other, and form two new com* 
pounds by an interchange of their elements. 

One element may be substituted for another under 
certain circumstances. Gold may be replaced by 
mercury ; copper wiU take the place of silver ; and iron 
will occasion the separation of copper from its solutions^ 
the iron itself being dissolved to supply its place; 
chlorine will substitute hydrogen in the carburetted 
hydrogen gases; and many other examples might be 
adduced. 

Chemical phenomena very frequently become of a 
complex character ; and one, two, or three of these cases 
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may be ooenrring at I9ie Mme tune in the deooBapoa&m 
of mie compoond Inr anotiher. Such ave the genenl 
feafemPM of chemical seienoe. Many pecnUantieB and 
lemarkable phenomena comiec^led wiA chemicsd isverti- 
gationa irill be named^ aa the esaminBtion of the ele- 
mentary composition of matter « pfooeeded yrith ; bat, 
although the philosophy of chemical action is of flie 
highest interest^ it must not be allowed to detain us 
with its detaib^ which are^ indeed^ more in accordance 
with a treatise on the soi^ioe than one which professes 
to do no more than dLetoh out those preiraQing'and 
striking features which^ whikt tiiey elucidate the great 
truths df nature^ are Cfq[>able of being employed as sfog- 
gestire examples of the tendency of scientifie iuTestaga- 
tion to enlarge the 'boundaries of thought^ and give a 
greater elevation to the mind^ leading us firom the 
merdy mechanical process of anal^vk up to the gneat 
synflietioal operations^ by which all that is found upon 
ti^e eartib for its ornament^ or our neoessitieB^ is created. 
Among the most remarkable j^nomena within the 
rai^fe of physical che mistry arethose of CatafymB, or, as 
it has also been called^ the ^^AoHon a/ j^resenee/^ 
There are a certam number of bodies known to possess 


* On tertaw emAinaHau of a wtmoBidj formed qfAsote^ £fsl/iJbr, 
oudOtBygtm; by J.Palouze. Translated from Annalesde Ghiinie,Tol. 
xvi., for Scientific Memoirs, vol. i. p. 470. Some ideae qfanew 
force acting in the combinations of Organic Compounds, by fierze- 
liuB : Amiales de Chimie, toI. Ixi. The conclusion come to by 
ti)is eminmit chemist is expressed in the following translation : — 
*' This new j>ower» hitherto unknown, is common both in organic 
and inomanic nature. 1 do not believe that it is a power whkh 
is entirely independent of the electro-chemical affinities of the 
substance. I believe, on the contrary, that it is merely a new 
form of it; but so long as we do not see their connection and 
mutual dependence, it will be more oonvenient to describe it by a 
separate name. I shall, therefore, call it catalytic power : I shall 
also call catalyeis, the decomposition of bodies by this force — ^in 
the same way as the decomposition of bodies by cheniioal affinity 
is termed analysis. 
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the power of resolving comporrnds iirto new forms^ 
withoat Tincle^oing any change themselves. K3rdhoff 
discovered *tliat the presence of an add^ at a certain 
temperature, converted 'starch into snigar and gum, iso 
comhination with i;he acid taking place. Thenard found 
that manganese, platinum, gold, and silver, and, indeed, 
almost anjc solid oi^anic body, had the "power of deoom- 
posii^ the binoxide of hydrogen by i;heir presence 
merely, no action being detected on these bodies. 
Edmund Davy found that powdered platinum, moistaied 
with alcohol, became Ted-hot, fired the spirit, and con- 
verted it into vinegar, without undei^ing, itself, any 
chemical change. Do&bereiner next discovered fliat 
spongy platinum fired a current of hydrogen gas 
directed upon it, which, by combining with the ox^en 
of the air, formed water. Bulong and Thenard tniced 
the same pro p e r ty , differing only in degree, through 
iridium, osmium, palladium, gold, silver, and even gli^» 
Fm^ther investigation has ^Kt^ided the numb^ of 
instances; and it has even been found that >a polished 
plate of platinum has the power of condensing hydrogen 
and oxygen so forcibly upon its surface, that these gases 
are drown into combination and form water, with a 
development of heat sufficient to ignite the metal. 

This power, whatever it may be, is common in both 
oi^anic and inozgimic nature, and on its important pur- 
poses Berzelius has the following i^emarks : — 

*^ This power ^ves rise to numerous applications in 
oi^anic nature ; thus, it is only around the eyes of the 
potato tibat diastase exists : it is by means of catalytic 
powerthat diastase, and that starch, which are insoluble, 
are converted into sugar and into ginn, which, being 
soluble, form the sap that rises in the .germs of the 
potato. This evident example of the action of catalytic 
power in an oiganic secielaon, is not, probably, the oiil^ 
one in the aimnal and vegetable kingdom, and it may 
hereafter be discovered that it is by an action analogous 
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to that of catalytic power^ that the secretion, of such 
different bodies is produced, all which are supplied hy 
the same matter, the sap in plants, and the blood in 
animals/'^ 

It is, without doubt, to this peculiar agency that we 
must attribute the abnormal actions produced in the 
blood of living animals by the addition of any gaseoxis 
miasma or putrid matter, of which we have,* in all pro- 
bability, a fearful example in the progress of Asatic 
cholera; therefore the study of its phenomena becomes 
an important part of public hygiene. . 

Physical research has proved to us that all bodies 
have peculiar powers, by which they condense with 
varying degrees of force gases and vapours upon their 
surfaces ; every body in nature may, indeed, be regarded 
as forming its own peculiar atmosphere. To this power, 
in all probability, does catalysis beloi^. Differ^iit 
views have, however, prevailed on this subject, and Dr. 
Lyon Playfaiit argues that the catalytic force is merely 
a modified form of chemical affinity, exerted under 
peculiar conditions. 

Whatever may be the power producing chemical 
change, it acts in conformity with some fixed laws, and 


* Berzelius: Annates de CAtmte, vol. 1x1. 

f On Transformations produced by Catalytie Bodies : by Lyon 
Hayfair, Esq.; Phil. Mag., voL xxxi. p. 191, 1847.— "Facts have 
been brought forward to show that there is at least as much pro- 
bability in the view that the catalytic force is merely a modified 
form of * chemical affinity exerted under peculiar conditions, as 
there is in ascribing it to an unknown power, or to the commu- 
nication of an intestine motion to the atoms of a complex mole- 
cule. Numerous cases have been cited, in which the action 
results when the assisting or catalytic body is not in a state of 
change ; and attempts have been made to prove, by new experi- 
ments, that the catalytic power exercises its peculiar power by 
acting in the same direction as the body decomposing, or entering 
into union, but under conditions in wmch its own affinity cannot 
always be gratified." 
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in all its transmutationB^ an obedience to a most har- 
monious system is apparent. 

It is curious to observe the remarkable character 
of many of these natural transmutations of matter^ but 
we must content ourselves with a few examples only. 
For instance : — 

Sugar^ oxalic acid^ and citric acid are very imlike 
each other^ yet they are composed of the same elements ; 
the first is used as a general condiment^ the second is a 
destructive poison^ and the third a grateful and healthful 
acid : sugar is readily converted into oxalic acid^ and in 
the process of ripening fruits nature herself converts 
citric acid into sugar. Again, starch, sugar, and gum 
would scarcely be regarded as alike, yet their only diffe- 
rence is in the mode in which carbon, hydrogen, and 
oxygen combine. They «re composed of the same prin- 
ciples, in the following proportions :— - 

Carbon. Hydrogen, OxjgBxu 
Starch . . 12 — 10 — 10 

Sugar ... 12 — 11 — 11 
Gum . . . 12 — 11 -" 11 

These isomeric groups certainly indicate some law 
of affinity which science has not yet discovered. 
Similar and even more remarkable instances might be 
adduced of the same elements producing compounds 
very unlike each other; but the above have been 
selected from their well-known characters. Indeed, we 
may state with truth that all the varieties of the vege- 
table world — ^their woody fibre — their acid or alkalme 
juices — ^the various exudatipns of plants — ^their flowers, 
fruit, and seeds, and the numerous products which, by 
art, they are made to yield for the uses of man, are, aU 
of them, compounds of these three elements, differing 
only in the proportions in which they are combined 
with nitrogen, or in some peculiar change of state in 


S84 -OBAAlflC OHSHHPBBY. 

one or other of the demeiitaay prind]^. The chemkt 
is now enabled by simple prooesBes^ 'from tbe refiise cf 
mannfaotaries to prodace fruit essences which aie 
equal in 4aTonr to the natoral production'; and frcmi 
benzoic aad, which is obtained in gieat abondaiMe from 
the houses in which cows are kept^ the most delicate 
essences are prodaced^ which are given to the woirid as 
the distiUaticms of a thousand flowers. By the impulse 
given to oi^anic chemistry by LieUg, our knowledge of 
the almost infinite variety of subi^Bmces^ in pfaysicat 
diaiacter exceedingly dissimilar^ whidi Tcsult from the 
combination of oxygen^ hydrogen, and carbon, in 'varying 
proportions, has been largely increased. And the 
science is new in that state wh^di almost causes a regret 
that any new organic compounds should be ~ 


miitil some industrious mind has tmdertaken the tarit of 
reducing to a good general classification the Tmnanase 
maais of valuable matter which has been accumulated, 
but which, for all practical purposes, remains nearly use- 
less and unintelligible. 

These combinations, almost infinitely varied as they 
are, and so readily produced and multiplied as to be 
nearly at the will of lite oi^anib analyst, are not,.any of 
them, accidental : they are the residt of certain laws, 
and atom has imited with atom in direct obedience to 
principles which ha;ve been through all time in active 
operation. They are unknown; the researches of 
science have not yet developed them, and the philosopher 
has not yet made his deductions. They are to be re- 
ferred to some secret fixed principles of action, to a force 
wfhich has impressed upon eveiy atom of the universe its 
distinguishing character. Chemistry makes us familiar 
with a system of order. The researdbes df analysts 
bave proved that every body has aparticular law of com- 
bination, to which it is bound by a mathematical pre- 
cision ; but it is not proportional combination alone we 
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IiaTe to coiuddeB. If ailoimpkg is eindenoed in the 
mineral worlds it is certainly far more strikingly mani* 
fested in the vegetable and animal kingdoms. 

There are some cases in which bodies appear to com- 
bine uttibout any limitation^ as spiiit of wine and water, 
sulphuric add and water; but these mnst be con*- 
sidered as oonditKons of mixture rather than, of chemical 
<3omb]nat]on^ 

The oompoaition of bodies is fixed and invariable, 
and a compound subsfaance, so long as it retains its 
characteristic propertiesa^ must consist of* the same 
dements united in the same proportions. Thus, sul- 
phuric acid is invariably composed of 16 parts of sulphur 
and 24s parts of oxygen. Chalk, whether formed by 
nature or by the chemist, yields 43*71 parts of carbonic 
add, and 56'29 parts of lime. The rust which forms 
upcm the surface of iron by the action of the atmosphere, 
is as invariable in its composition as if it had been 
formed by the most delicate adjustment of weight by 
the most accurate manipulator, being 28 parts of iron 
and 12 parts of oxygen. This law is the basis of all 
chemical inquiry, all analytical investigations depending 
upon the knowledge it affords us, that we can only pro^ 
duce certain undeviating. compounds as the result of 
our decompositions. We are not in a position to offier 
any explanation which will account &r these constant 
quantities in combination. The forces of cohesson and 
elastidfy have been advanced in explanation, on the 
strength of the fact that the solubility of a salt in water 
is regulated by cohesion, and that of a gas by its 
dastidty. Although it may appear that some cases of 
chemicd combination are due to these powers, — as, for 
insfcanoe, when the union of oxalic aod or sulphuric 
add witit lime produces an insoluble salt^; — ^we cannot 
thus explain the constant proportions in which the 
metals, sulphur, oxygen, and similar bodies, unite. It 
is quite oertain there is a power or prindple, which we 


286 COMBINAnOH. 

have not yet reached^ upon which are dependent all the 
phenomena which we now embrace under the tenn 
chemical afiSnity. 

Another law teaches us that when compound bodies 
combine in more than one proportion^ every additional 
union represents a multiple of the combining proportion 
of the first. With the difficulty which arises from the 
sub-multiple compounds we cannot deal :—fiirther re- 
search may render their laws less obscure. We have 
seen that 8 parts of oxygen unite with 1 of hydrogen 
and 14 of nitrogen. It also unites with 110 of silyer, 
96 of platinum^ 40 of potassium^ 36 of chlorine^ and 
200 parts of mercury^ gi^i^g rise to— - 

Water 9 

Nitrous oxide ....*. 22 

Oxide of silver 118 

Oxide of platinum 104 

Potash . . . • . . 48 

Oxide of chlorine 44 

Oxide of mercury 208 

In these proportions^ or in multiples of them^ and in 
no others, will these bodies unite with the acids or other 
compounds. It will, of course, be understood that any 
other numbers may be adopted, provided they stand in 
the same relation to each other.'*^ 

From the discovery of these harmonious arrangements 
was deduced the beautiful atomic theory to which allu- 
sion has been ah*eady made. Indeed, there does not 
appear to be any other way of explaining these phe- 
nomena than by the hypothesis that the ultimate atoms 
of bodies have relatively the weights which we arbi- 
trarily assign to them, as their combining quantities. 
These views are further confirmed by the fact, that 
gaseous bodies unite together by volume in very simple 
definite proportions: — 100 measures of hydrogen and 

* Consult Graham's Chemistry, Oh Coifibinittg Proportions. 
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200 measures of oxygen form water ; lOO measures of 
oxygen and 100 measures of yappur of sulphur form 
sulphurous add gas. Ammoniacal gas consists of 300 
volumes of hydrogen and 100 yolumes of nitrogen^ con- 
densed by combination into 200 volumes ; consequently^ 
we are enabled most readily to calculate the specific 
gravity of ammoniacal gas. The specific gravity of 
nitrogen is 0*9722, that of hydrogen 00694, Now, 
three volumes of hydrogen are equal to 0:2082 : this 
added to 0*9722 is equal to 1*1804, which is exactly the 
specific gravity obtained by experiment. 

There is no doubt, from the generality with which 
this law of volumes prevails, that it would be found to 
extend through all substances, provided they could be 
rendered gaseous; in other words, there is abundant 
proof to convince us that throughout nature the process 
of combination, in the most simple ratio of volumes, is 
in operation to produce all the forms of matter known 
tons. 

It has been shown, by the investigations of Dr. Dal- 
ton, in 1840, that salts, contaimng water of crystalli- 
zation, dissolve in water without increasing the bulk of 
the fluid more than is due to the liquefaction of the 
water which these salts contain ; while Joule and Play- 
fair have shown that the anhydrous salts take up no 
space in solution. From this we are naturally led to 
conclude that the volume occupied by a salt in the solid 
state has a certain relation to the volume of the same 
salt when in solution, and has also a fixed relation to 
the volume occupied by any other salt. The law appears 
to be : — ^the atomic volume of any salt whatever (an- 
hydrous or hydrated) is a multiple of 1 1, or of a number 
near 11, or a multiple of 9*8 (the atomic volume of ice), 
or the sum of a midtiple of 11 or 9*8. Marignac, who 
has also paid much attention to the subject, does not 
think these numbers absolutely correct, but approxi- 
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mately so.* It woiild be a beautiful exemplififliatioQ of 
the simplicity of Nature's operations^ if it sbould be 
clearly proved that the atomic volume of solid water 
(ice) regulated the combining proportiims by volume df 
all other bodies^ — ^that it was the standard by which 
chemical comfainatiou and ordiuary solution^ w&e 
determined. 

In addition to the laws already indicated, there lypear 
to be some others of whicjji, as yet, we have a less satis* 
factory knowledge, and, as a remarkable case, we may 
adduce the phenomena of substitiUioUy or that power 
which an elementary body, under certain condikons^ 
possesses, of turning out one of the elements of a com- 
pound, and of taking its placet Thus, tibe hydrogen 

* Memoir on Atomic Volume and Specific ChraoUff. Messrs. 
Lyon Playfdir and Joule. — ^Philosophical Magazine, vol. xxTii. p. 
463, or Transactions of Chemical Society of London; Obgenrntiom 
on the above, by Professor de Marignac.— Bibliotheqod Umves- 
selle, Febi 1846. On the Relation of the Volumes of oodtes in the 
^olid state t to their equivalents^ or atomic weights : by Professor 
Otto. Studies on the connection between the atomie weights, 
-crysialSmeformy and deneity of bodies : by M. FilhoL Translated 
for the Cavendish Society, and published in their Chemical 
Reports and Memoii's. 

f Comptes Rendus de VAcadimie des Sciences^ IQ40, No. 
4). A good translation of Dumas's Memoir appeared in the PhUo- 
sopbioaL Magaane, from which I extract the following familiar ex« 
position of the laws of substitution :— '* Let me make a companson 
drawn from a familiar order of idea& Let us put ouiselves in the 
place of a man overlooking a game at chess without the sUghtesc 
knowledge of the game. He would soon remark that the pieces 
must be used according to positive rules. In chemistry, the 
eqmvalents are our pieces, and the law of substitutions one of the 
rules whieh preside over their moves. And as in the ohUque 
move of the pawns one pawn must be substituted for another, so 
in the phenomena of substitution one element must take the place 
ofanotiber. But this does not hinder the pawn from advancing 
without takhig anything, as liie law of substitution does nothdnder 
an elmtent thmi acting on a body without dispkoing or taking 
Ijie place of any other element that it may contain."— ifagiojr c» 
the Law of Substitutions, and Theory of Chemical Types, 


gqteiyi hf fMojim, ,€q^aUiit far eqidvs^aii^ .wad 
tcaam. % cUoriA&'Of mfth^ irbicli benug oooatoiQled oa 
Hxi asme l^pe w the .ong^uaj^ will bare tibeaa^ 
latwB irf <»mtoiimtifflL 

Under the ipflncgicgof these kv^idl ibeeeniliiiiatioBs 
whkh we dkeo^Gt mmikme take place. The laeUlfi^ 
and oeqrgeB, and fsaiftm, and fliaifb0n» imite; The 
elempate of the argpadc tyjfe, eaiexmg into the doaeiit 
jtdbtienSy ^ive rise to ev^ry foahn of ^^eUUe life. The 
aeads^ the gama, the reaaus>, and the sugar whidb plants 
produGe; and those yet more compli^ited aumudstth- 
Htanfip!S» b<»e> maacle^ blood, and hale; albiUBiiaziy caedn, 
milk, with those eoH^ouada whicfa^ undar the imflnfaaee 
at yibd powex, xesolTe tbemselyeaiBto suhataoeea whidi 
yecsHmtud to the existeneer healthy and beantsrof the 
animal fiihrie^ are all dependent on these laws. Bat 
these metamorphoses mnat be &rtber eonsidezed iaai our 
finaminatieiL of the move striking easea of ehenaieal 
actkxi. The changes which result from organie comU- 
natioii are so r^siajrkahk^ and wkhal they show how 
completdy the whole of tiie material wodet ia in snb- 
jcetion to chemical fore^ and every vanety of form the 
result of mysterioiis combination, that s(»ne partieidar 
reference to these metaoQiiOirphoses ia demanded. 

In nearly all ease^ of decided chemical action, all 
trace of the characters of the combining bodies di&- 
MffpeKt^ We say decided chemicial action, becanse, 
aldioagh anlphurie acid and.wat^ combine, and salts 
disinlve in water, we may always recognise their 
pfeaence, and there&xrd these and similar cases cannot 
be rq;arded aa strict iexan^^LBS of the phenomcaia under 


Hydrogen and oxj^ei^ in oenibiningy lose their gaaeoos 
fiacms^ ai^ are condensed into a liquid — water. Snl- 
phmaa acid is intenady senr and commmi. potash is 
highly eaustic; Vnt united they fo<m a salt which is 
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ndtiier: they appeaar to have dflgtroyed the iJintrngwiAing 
diaraeten of each other. Combined bodies frequently 
occupy less space than they did previously to oombinatioii, 
of which numerous particular instances might be adduced. 
Oases in many cases undergo a remarkable condensation 
when chemically combined. In slaking lime, the water 
becomes solid in the molecules of the hydrate of lime 
formed, and the intense heat produced arises from the 
liberation of that caloric wUch had been employed to 
keep the water liquid. When a solid pass es into the 
liquid state, cold is produced by the abstraction from 
surrounding objects of the heat required to effect fluidity. 
An alteration of temperature occurs whenever chemical 
change takes place, as we have already shown, witili a 
few trivial and uncertain exceptions. The diiturbanoe 
caused by the exercise of the force of affinity frequently 
leads to the development of several physical powers. 

Changes of colour commonly arise; indeed, there 
does not appear to be any relation between the colour of 
a compound and that of its elements. Iodine is of a 
deep iron-grey colour ; its vapour is violet ; yet it forms 
beautifrilly white salts with the alkalies, a splendid red 
salt with mercury, and a yellow one with lead. The 
salts of iron vary from white and yellow to green and 
dark brown, llose of copper, a red metal, are of a 
beautiful blue and green colour, and the anhydrous 
sulphate is white. 

Isomorphism, which appears in a very remarkable 
manner among the organic compounds, has, under the 
head of crystallization, already had our attention. There 
is also a class of bodies which are said to be isomeric; 
that is, to have the same composition, although different 
in their physical characters. But the idea that bodies 
exist, which, although of a decidedly different external 
character, are of exactly the same chemical composition 
and physical condition, is not tenable ; and in nearly all 
the examples which have been carefully examined, a 
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difference in the aggr^ate number of atoms^ or in the 
mode ifi vhich those atoms have respectively arranged 
themselves^ or that peculiar physical difference desig- 
nated by the term allotropy, has been detected. 

Oil of turpentine and oil of lemons have the same^ 
composition^ each being composed of five equivalents of 
carbon and four of hydrogen. These substances form, 
from the stnkiBg diffir^ perceptible ia their external 
oharacters, a good example of isomerism. 

The laws of oi^anic chemistry are not, however, the 
same as tiiose applying to inorga^c combinations. Or- 
ganic chemistrf V well defined by Liebig, as the cfae. 
mistry of compound radicals ; and under the influence 
of vitality^ nature produces compounds which have all 
the properties of simple elements.'i^ 

When we reflect upon the conditions which prevail 
throughout nature, with a few of which only has science 
made us acquainted, we cannot fail to be struck with 
the various phases of being which are presented to our 
observation, and the harmonious system upon which 
they all appear to depend. 

When we discover that bodies are formed of certain 
det^minate atoms, which unite one with another, ac- 
cording to an arithmetical system, to form molecules, 
which, combining with molecules, observe a similar law, 
we see at once that all the harmonies of chemical combi- 
nation — the definite proportions, laws of volume, and 
the like— are but the necessary consequences of these 
mmple and guiding first principles. In the pursuit of 
truth, investigators must discover still further arrange- 
ments, which, from their perfection, may be compared 
to the melodious iuterblending of sweet sounds, and 

* Liebig*s Chemistry in its application to Agriculture and 
Physiology : translated by Lyon Playfair, Ph. D. Animal 
Chemistry f or Chemistry in its application to Physiology and 
Pathology: by Justus Liebig; translated by Wm. Giegoxy. 
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nuaoY of ike appiarentlj indetenttiiiatecombiiHttidiiswiD^ 
bcycmfl adoabt^ be diown to be m definite as any othen. 
Bol we esmiot refeet npcm ibe ftei tiial these atcnis 
and these moleeoles aie gmdediii Aeir eombiBations hj 
imprises, whiA we can only explain by jcfci ti ai ce to 
bunura passioiur^ as tbe term eketwe ajfhify implies, 
witbont tet^Bg tiiat an impenetrable mysterj of a grand 
add stertfing charaeter in its manifestations sanrotmcb' 
each grain of dost wUcb is hurried along npon ibe- 
wind. 

We mfWy babitaaUy^ speak of attraction and repnlsion 
•^-of the affinity and non-affinity of bodies^ We are 
diqpoBed^ finnn the diseorerj of Hie ai tr actif e and re- 
pdliz^ pedes of deetrified substances^ to regard tiiese 
powers in all cases as dqicnding upon some dectrieai 
gtate^ and we write learnedly upon the laws of these 
fivoes. Alter aU^ it would be more himest to admits 
Aat we know no more of the secret inipalBea which 
regulate the combinations of matter^ tiMin £d tiioee 
who satisfied themselves by referring all phcstomena of 
these kinds to sympathies and antipattiks : terms whidi 
hafe a poetic meanings conreying to the mind^ with 
considerate distinctness^ the fact^ and giving the idea 
of a feding — ^a passion — involyin^ and direeting in- 
aninuite matter^ ^QEi3ar to that which stirs the human 
heart; and certainly calculated to ccmvey the impression 
that there is wcMrkmg within all thines a living princiide^ 
and pointing; indeed^ to ''the soul of the wotld.^ Tbe 
animated isnrble of ancient story is far less wondarfol 
than the fact; proved by invest^atiou; that every atom 
ii matter is penetrated by a principle which directs its 
mc^em^ts and orders its positions, and involved by an 
influence which extends, without lin:ats, to all other 
atoms, and which determines their unkm, or othesrwise. 

We have gravitation, drawing all matter to a commcm 
centre, and acting from aQ bodies throughout the wide 
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nt^om of unineasored space upooi all. Iffe have co- 
hesioBi, holding the partides of matter endiaiiiedy ope- 
ratiiag oidy at dktaiicestooininutefor the mathematid^ 
to measure ; and we ha^^ diemical attraetioiiy diSSegeast 
:fix>]ii eiih&t of theses working ]EK>ks8m]rBteaioufil7 wiihsB 
4ibaolatel}r iasepsible disfcanoesy and, bf the exevciae of 
its oocolt power, p™^ determina4€ and fixed forms tbo 
e^eiy kind of material creatioa. 

The apiiitoal beings, which the poet of imtntored 

nature gave to the Sosc&t, to the Tallef, and tx) tiiB 

.mountam, to the lake, to the river, and to the ooeaa, 

woiking within thdrsecnBt cffieea, and moulding ftar 

man ihe beauti&l or the sublime,, are but the wed;: 

'Oreations at a finite mind, aithcnogh Haey have £ar ua m 

(Chaian whieh all mea ii]iOGB8cmud|r (Kief, even when 

tihqr lefiise to ecmfess it. They axe like the resdt of 

the lalxmrs of the s^itoaiy, who, in his high dreama <£ 

lore and snhHmated beanty, eieates &om the marUe 

block a figure of the most exqniaite moulding which 

mifflica life. It charms as £ir a season; w« gase and 

gaae i^ain, and its fint chama vamah ; it is ever and 

ever still the same dead heap of c^iaeUed stone. Itlmsnot 

the power of presentu^ to our wearying eyes thedbange 

which life alone enables matter to give ; and we admit 

the excellence of the artist, but we cease to feel at his 

work. The creations of poetry are pleasing, but they 

never aflTect the mind in the way in which the poetic 

realities of nature do. The sylph moistening a lily is 

a sweet dream ; but the thoughts which rise when first 

we leam that its broad and beautiM dark-green leaves, 

and its pure and delicate flower, are the results of the 

alchemy which changes gross particles of matter into 

symmetric forms,— of a power which is unceasingly at 

work under the guidance of light, heat, and electrical 

force, — are, after oxur incredulity has passed away — ^for 

it is too wonderful for the untutored to believe at once 

— of an exalting character. 
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The flowQr has grown under the impulse of principles 
which have traversed to it on the solar beam^ and min- 
gled with its substance. A stone is merely a stone to 
most men. But within the interstices of the stone, and 
involying it like an atmosphere, are great and mighty 
influences, powers which are fearful in their grander 
operations, and wonderful in their gentler developments. 
The stone and the flower hold, locked up in their re- 
cesses, the three great known forces — flight, heat, and 
electricity : and, in all probability, others of a more 
exalted nature still, to winch these powers are but sub- 
ordinate agents. Such are the facts of science, which, 
indeed, are the true " sermons in stones,'^ and the most 
musical of " tongiies in trees.'' How weak are the crea- 
tioBs Of rornaii^, when viewed bende the disooveries of 
science ! One affords matter for meditation, and gives 
rise to thoughts of a most ennobling character ; the other 
excites for a moment, and leaves the mind vacant or dis- 
eased. The former, like the atmosphere, famishes a 
constant supply of the most healthful matter ; the latter 
gives an unnatural stimulus, which compels a renewal 
of the same kind of excitement, to maintain the conti- 
nuation of its pleasurable sensations. 
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CHAPTER XII. 

CHEMICAL PHENOMENA. 

• 

Water — ^Its Constituents — ^Oxygen — Hydrogen — Peroxide of Hy- 
drogen — Physical Property of Water — Ice— Sea Water — 
Chlorine — Muiiatic Acid — Iodine — Bromine — Compounds of 
Hydrogen with Carhon — Combustion — ^Flame— Safe^ Lamp 
— Respiration— Animal Heat — The Atmosphere — Carbonic 
Acid^nfluence of Plants on the Air— Chemical Phenomena 
of Vegetation — Compounds of Nitrogen — Mineral Kingdom, 
&o. &c. 

Without attempting anything which shall approach 
even to the character of a sketch of chemical science^ 
we may be allowed^ in our search after exalting traths, 
to select such examples of the results of combination as 
may serve to elucidate any of the facts connected with 
natural phenomena. In doing this^ by associating our 
examination with well-known natural objects or c(m* 
ditions^ the interpretation afforded by analysis will be ^ 
more evident^ and the operation of the creative forbes 
rendered more striking and familiar, particularly if at 
the same time we examine such physical conditions as 
are allied in action, and are sufficientiy explanatooy.of 
important features. 

A large portion of this planet is covered by the waters 
of the ocean, of lakes and rivers. Water forms the best 
means of communication between remote parts of the 
earth. It is in every respect of the utmost importance 
to the animal and vegetable kingdom ; and, indeed, it 
is indispensable in aU the great phenomena of the in- 
organic world. The peculiarities of saltness or freshnesa 
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in water are dependent upon its solv^it powers. The 
waters of the oeean are saline from holding dissolved 
various saline compounds^ which are received in part 
from, and imparted also to, the marine plants. Perfectly 
pure water is without taste : even the pleasant character 
of .freshly-drawn spring- watar is due to the admixture 
of atmospheric air and carbonic add. The manner in 
which water absorbs air is evidently due to a peculiar 
physical attractive force, the value of which we do not 
at freaeaat clearly perceive or catrecHj estimate. It' is 
cheiiiica% compoafld of two volumes of hydrogen gas — 
Ute lighteil body ki^rwii, «d %t tke aame tioBe m highly 
inflammalile onse— united with one volume of oxygeni 
which excites condbustion, and continues that action, — 
piodacnigheatandlight, — with great energy. By weight, 
one part of hydrogen is united with eight of ox^gea, or 
in 100 parts of water we find 88*9 oxygen, and 1 1-1 of 
hyidbra^en gas. That two such bodieBafaoald unite to 
fimmh the snort refrediiag bef^erage^ mid indeed Hm 
only matnial drink ioir man and anwnaln, k one of tiie 
extraiM^liinny &ctB <rf scienee. Hydrogen wiil jurtsap- 
pmrt life — we eannot breathe it aiid live ; and' ixcygm. 
w«ald ovar-stimulate Ihe oi^ganie system, and, foodacaig 
a load of oombustion, give rise to fever in the animal 
frame; but, moted, tiiey ftorm that drink, for a dxeip of 
wUoh the fevered tnomu^ would yidd his diadea, aad 
the d ej a iyati w. of whidi is one of the mo«t horrid caia^ 
xdtiBilhat can be iaflictedupoR any hviBg thing. Water 
wppasn as thie antagonist principle to fioe^ somL the 
ravages of the latter are quenched by the aasitagiBg 
powers of the ionner ; yet a imxtoie of eoTgen and 
hfdrogen gaaes, m the exact pn:poition in wUehdiey 
fenn water, eaqjilodeB with the utaMSst vioience on Ihe 
ooateotcif AaaM, aBd,%hen jodieioaslyarraoged, prodaees 
the aoait intense' degree of heat fc»Dwa ;-Hnch is the 
remariEaUe diibenoe between a merety nteehaiiicai 
■uitaxe and « eheaueal eonAofiition. Eeyoaid this, we 
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hK¥e afaeacbf notieed tlie remaricaUe Act tkat water 
4epmei. cf air is exfkmve at a con^antiydy low tem- 
penttme, less llian 800^ ; gonpowdor requiriiig a tem- 
penU;ureaf neuij 1000^ F. 

If we place in a gfebe, aiygai. and hydrogen gasesy 
in the exact proportions in whleh thejr eombuie to form 
water, thejr remain without change of state. They 
appear to mix intimatdy; and^ notwithstanding d^ 
jbfferenee in tiie spdo&c gravities of die two gaaes, the 
lighter one is diffined through the heavier in a cunooa 
Banner, agreeaUy to a law which has an irapmtant 
bearing <a tiie conditions of ataotpheric phenomena.^ 
Hie moment, however, that an incandescent body, or 

* Dk. Priestlej apaesrs to bava been the ftat to observe the 
nflp^iijM' propert^^f the diffiwifln of gases. Dr. I>altoa, however, 
first drew atte&tion to the important beadog of this fact on natural 
phenomena, and be published his views on The MUdbiUty tf 
Oa$e$ m Ihe MaDcbeeler Memoirs, toI. t. The following extract 
horn Mb meakoir On ikt OotuHiutiom^the Atma^kePiwUleshiAdt 
ilB bearings: — 

St maj be vortii while to conlzast this new of the oonstituiion 
of the atmosphere wifih the onlj other one, as far as I know, that 
been entertained. 

According to the other view, 
1. The Tolome of each gas 
found at the suiftuse of the 
earth, muUipUed by its ^ecifie 
gravity f is proportional to the 
whole weight of the respective 
atmosrpberes. 
Aiote .... 76'6 
Oxygen .... 23-4 
Aqueous vapour 083 

Carbonic acid . . 015 


According to one view, 
1. The Tolumes of each gas 
found at the suiface of the earth 
are proportional to the whole 
weights of the respective atmos- 
pberesw 


Azote • • •' . 

79 

Oxygen . . . . 

21 

Aqueous vapour . 

1-33 

Carbonic acid . 

• 

1-0 


101-43 
Ajeeoidmg to one \iew, 
:2. The altitude of each at- 
mosphere differs from that of 
6Terj other, and the proportions 


100-88 

Aeeording to the other Tiew« 

d. The altitude of each at- 

mosph^iB is the same, and tiie 

proportion of each in the eom- 
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the spark from an electric machine^ is brought into 
contact with the mixed gases^ they ignite, explode vio- 
lently, and combine to form watar. The discovery of 
the composition of water was thus synthetically made 
by CaTendish— -its constitution having been pieviooaly 
theoretically amiounced by Watt.* 

If, instead of combining oxygen and hydrogen in the 
proportions in which they form water, we compel the 
hydrogen to combine with an additional equivalent of 
oi^gen, we have a compound possessing many properties 
strikingly different from water. This — ^peroxide of hy- 
drogen, as it is called — is a colourless liquid, less 
volatile than water, having a metallic taste. It is 
decomposed at a low temperature, and, at the boiling 
point, the oxygen escapes from it with sudi violence, 
that something like an explosion ensues. All metals, 
except iron, tia, antimony, and tellurium, have a ten- 
dency to decompose this compound, and separate it into 
oxygen and water. Some metals are oxidized during 
the decomposition, but gold, silver, platinum, and a few 
others, still retain their metallic state. . If either silver, 
lead, mercury, gold, platinum, manganese, or cobalt, in 


pound .atmosphere, is the same 
at all elevations. 

3. When two atmospheres 
are mixed, they continue so 
without the heavier manifeatang 
any disposition to separate and 
descend from the lighter. 


of each in the compomid at- 
mosphere gradually vary in the 
ascent. 

8. When two atmospheres 
are mixed, they take their places 
according to their specific gra- 
vity, not in separate strata, hut 
intermixedly. There is, how- 
ever, a separate stratum of the 
specifically lighter atmosphere 
at the summit over the other. 

* The discussion of this question, commenced hy Arago in his 
Eloge, was continued hy Lord Brougham in Yns-Lives of Watt ami 
Cavendishj and hy Mr. Vernon Harcourt, in his address as Presi- 
dent of the British Association, and more recently in his Letter io^ 
Lord Brougham, Watt's Letters on the suhject have been since 
puhlished under the superintendence ot Mr. Muirhead. 
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their highest states of oxidation^ are put into a tube, 
containing this peroxide of hydrogen^ its oxygen is 
liberated with the rapidity of an explosion^ and so much 
heat is excited that the tube becomes red hot. These 
phenomena^ to which we have abready referred in 
noticing catalysis^ are by no means satisfactorily ex- 
plained^ and the peculiar bleaching property possessed 
by the peroxide of hydrogen sufficiently d^tinguishes 
it from water. There are few combinations which show 
more strikingly than this the difference arising from 
the chemical union of an additional atom of one element. 
Similar instances are numerous in the range of chemi- 
cal science ; but scarcely any two exhibit such dissimilar 
properties. During the ordinary processes of combus- 
tion, it has been long known that water is formed by 
the combination of the hydrogen of the burning body 
with the oxygen of the air. The recent researches of 
Schonbein have shown that a peculiar body, which has 
be^i regarded as a peroxide of hydrogen, to which he 
has given the name of Ozone, is produced at the same 
time, and that it is developed in a great many ways, 
particularly during electrical changes of the atmosphere* 
Thus we obtain evidence that this remarkable com- 
pound, which wab considered as a chemical curiosity 
merely, is diffused very generally Uirough nature, and 
jmduced under a great variety of circumstances. 
During the excitation of an electrical machine, or the 
passage of a galvanic current through water by the 
oxidation of phosphorus, and probably in many similar 
processes — ^in particular those of combustion, and we 
may therefore infer also of respiration — this body is 
formed. From observations which have been made, it 
would appear that, during the night, when the activity 
of plants is not excited .by light, they act upon the 
atmosphere in such a way as to produce this ozone ; and 
its presence is said to be indicated by its peculiar odour 
during the early hours of morning. We are not yet 


JOO 

acgnaintfJ wiih Ai* bodjanfidenilf to speeolttbe on ite 
UBes in nature: witkyut doubt, they are i mpo rU ui t^ 
perhaps second to thooe of wmier cfolj, it is piohaUe, 
«s we have almady kad oocaaon to Kmaric, that oaoBe 
maj be the aetife agent in resBOfing from the atmos- 
fbeve those orgaaic poisons to wfaidi manj ibnns of 
pestikaoe are traceable ; and it is a carious fiMst, that a 
low eleotrical intensitjF^ and a oonseqoent deAieacy of 
atmoipheric oooney marks the p ievak a ace of dholenk, and 
an exeess distingoidies the leign of infltunaa.* 

Some intecesling icseaiches appear to dnnr tike pro- 
bability that osone is aia^ty ccnrgen in a stete of hi^ 
activiijF. It has been fiiund^ indeed, that petfiscdy^ drjr 
<ajgen, whieh will not blneh Tegetafale coloora in the 
dadk, aeqoires, bj eiqpoeure to snnifaine, the power of 
destroying them. Beeqaerel has pioved tita< tins 
^OEonous fliate maj be pTodneed in dry oxygen W pass- 
ing a snocessicm of electric sparks through it. nemy 
passed the electric sparks on the ootside of a tobe which 
^xmtamed perfecdy dry oxygen, and it was fcond to 
have aoqadied the properties of ooone. In H^ ease, and 
probably in the eaqpenrndnts of JSecqoeid, the light of 
the spark, rather than tiie eieetridty, a^ears to have 
been the active agent m prodocing this change. Sdh&« 
bein himsdf does not appear di^aed to it^;ard oaone 
:as being eidier per-oxide of hydrogen, or an alloiio- 
pie oxygen. He leans to his &st view of its being an 
entiiely new chemical elemen t , lie energy <tf this 
<MKHie is so great, that it has been lisimd to dertroy 
almost instantaneously the Indian^-mbber nnkm joints 
<]£ the apparatos in which it is fiarmed^t 


* Ses svreral papers Om Ozme, by l^Njfeasor SchonWh, in {he 
Pidloeoplaoal Magazine, and in ihe Beports of the Britiab 
AssoGiatioa. Consult a paper by the Auttior: Atkmnwm^ Sq^ 

tember, 1849. , 

f Memoire m* TOxom ; Bale 1849. PoggendorfiTs Aftnaien, 
Ixxvii., p. 592. Ibid. Ixxtin. p. 1C2. ^ 
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Walov ^l*^^ ^^ oQDsideraticm of wliiciL a daigtemagm 
has been xndntged i% to taaakitat ibe cnrioiift dumcter 
of one of its demezdas^ — vater is one of tlie most 
fomtxhl ehtmacai agentu^ hsiiiig a most ertmenpe 
xaaige of affinities^ eaatering ddreetljr into the c oa ipo B t li oi i . 
of a geeat mauf crjratalliiabie bcMKea and offgaaaie con-^ 
poimda lok tiiofle cases lAen it is not eamlniied aa 
ipstes^ its elcBieiils often esdat in the prapovtioiEiB in 
which watfot is foBaoi. Gvm^ starch, md sugar, oti^ 
differ &em each other in the jnupogiiona in whieh the 
oleaaiie3ib»Qf water are combined wi& the carbon. 

T n salxse oombkiatkBtf^ and also in manjr oK^ganie- 
fioeins/we nmst legaxd As water as condensed to the 
solid fcffm ; that ifl^ to exni as ioe. WeweM knowtiiat, 
bjr the ah^xBction ci hca^^Siisooinditiottisprodiieedj 
l^y^ in. ffi^M i WM *^! offiwhiw a lifflBffi tins chaase must be the 
nesok 4if the saedianical force eaorted 1^ the po^aner of 
the agemqr diiBeliiii^ affiaify. 

la the case ef water paawng hma a Hquid to a soKd 
state, we ha;fe a moat heantiliil enemphficatien ^ Ihe 
pef&ctiOBft ef natnzai ofnsatknifl* Water ocmdBctB heat^ 
downwards bat Terjdowiyj: a mass of iee wffl rcaaam 
nndiaiohped faiit a £w iw^es ander water, om the «u^^^ 
of wiifA^ eAer> or anj oihcr inflanmsahie bodf , is 
hamiiig. Kioe^soiid water) swam baseaft the sindbee^ 
the summer san wottU scarce^ hare power to thaw it; 
and tkas oor hd^es and seas wooid be gvadwalljr con^ 
merted into soM: masses at oinr ardbuuy winter tein*- 


AU ahniiar bodies oontraet eqaalty dnring the pro- 
eesa of ooohi^, firond tibe highest to iite jowest pdnts to 
whidi tiie espezunentfl haye been carried. It has been 
thon^ that if thk applied to water, the resnhwwuldbe ' 
the sudden ccmsolidatioii of the a^ole mass. A modi- 
fication of the law has been supposed to take place to 
suit the peeoliiar drcumstanees of water. Nature 
neFCor modifies a hw fiar a patrtkahur purpose ; we misot^ 
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therefore, seek to explain the action of the formation 
of ice, as we know it, bj some more rational view. 

Water expands by heat, and contracts by cold ; con- 
sequently, the coldest portions of this body occupy the 
lower portions of the fluid; but it must be rem^aibered 
that these parts are wanned by the earth. Boss, how- 
ever, states that at the depth of 1,000 fsthoms the sea 
has a constant temperature of 39°. Water is said to be 
at its point of greatest density at 4ff of Fahrenheit's 
thermometer; in cooling further, this fluid appears to 
expand, in the same way as if heated: and, consequently, 
water colder than this point, instead of beii^ heavier, is' 
lighter, and floats on the surface of the warmer fliud. 
It does not seem that any modification of the law is i?e- 
quired to account for this phenomenon. Water cooled 
to 4ff still retains its peculiar corpuscular axrang^nent ; 
but immediately it passes below that temperature, it 
begins to dispose itself in such a manner that visiUe 
crystals may form the momrat it reaches 8St°. Now, if ^ 
we conceive the particles of wata*, at 89°, to arrange 
themselves in the manner necessary for the assumption 
of the. solid form, by the particular grouping of mole* 
cules in an angular instead of a spheroidal shape, it will 
be clear, fix>m what we know of the arrangement of 
crystals of water^ce — that they must occupy a lai^er 
space than when the particles are disposed, side by 
side, in minute spheres. Even the escape of air fix>m 
the water in which it is dissolved is sufficient to give an 
apparent lightness to the colder water. This expansi<ni 
still goes on increasing, from the same cause, during the 
formation of ice, so that the specific gravity of a mass of 
frozen water is less than that of water at any tempera- 
ture below 40^. It must not be forgotten that ice 
always contains a large quantity of air, by which it is 
rendered buoyant. 

Water, at rest, may be cooled many degrees below 
the freezing point without becoming soUd. This is 
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easily effected in a thin glass flask ; but the moment it 
is agitated^ it becomes a finn mass. Here we have the 
indication of another cause aiding in producing crystals 
of ice on the surface of water^ under the influence of the 
disturbance produced by the wind^ which does not ex- 
tend to any depth. 

As oxygen and hydr(^n gases enter laj^ely into 
other chemical compounds besides water^ it is impor- 
tant to consider some of the forms of matter mto the 
composition of which these elements enter. To examine 
this th<»roughly^ a complete essay on chemical philoso- 
phy would be necessary ; we must^ therefore^ be con- 
tent with referring to a few of the more remarkable 
instances. . 

The waters of the ocean are salt : this arises from 
their holdings in solution chloride of sodium {muriate 
of soda — common culinary salt) and other saline bodies. 
Water bdng present, this becomes muriate of soda,--^ 
that is, a compound of muriatic add and soda : muriatic 
add is hydrc^en, combined with a most remarkable 
gaseous body, called, from its yellow colour, chlorine ; 
and soda, oxygen in union with the metal sodium,—* 
therefore, when anhydrous, culinary salt is truly a 
chloride of sodium. Chlorine in some respects re- 
sembles oxygen; it attacks metallic bodies with great 
energy ; and, in many cases, produces the most vivid 
incandescence, during the process of combination. 
It is a powerful bleaching agent, is destructive to 
animal life, and rapidly changes aU organic tissues. 
There are two other bodies in many respects so similar 
to chlorine, although one is at the ordinary tem- 
peratures solid, and the other fluid, and which are 
also, discovered i;n sea-water, or in the plants grow- 
ing in it, that it is difficult to consider them other- 
wise than as different forms of the same principle. 
These are iodine and bromine, and they both unite 
with hydrogen to form adds. The part which 


^>KlAriiM> pexfiDnu in natoie is & grait mi isapor* 
taut one* Combined in msiiaie of soda, ve w^^ 
tnce it in luge qnantitiei throagb ibe thne ImifidoBft 
of nature, andiheumTeanaleB^plejiiieqtQf nltaftaeoft- 
diment indicatft> the importonee to the animal fjconway 
of thedements composing it. Iodine has beox ^aced 
thvougli the greater nnmb^ of nuudne plants, eariatimgy 
Bfjpsa&kilj as an ess^oktial element of their conatitntiaii; 
in some land plants it has also been feund, particalayly 
in the Armeria maritimi^ when thia plant gnma near 
the sea:^ it has been detected in some mineral apffiDgn^ 
and in small qmmtities in the mineral kmgdomt com- 
bined as iodide of sil^er^ and in the alnmineoa sjafce 
of Latoip in Sweden4 Bromine is found in aea- 
water, although in esEtremely minute quantities^ in a few 
saline springiB, and in comhiuatftosi with sibreri but we 
haYe no evidcoifie to show that its nses are imnoirtant in 
nature. 

Hydrogen^ ftgain, unites with earbcm in various jmo^ 
portumsy producing the most dissimilar eompounds. 
The air evolved from stagnant waler^ and the fire^dam^ 
of the coal nune^ are both earburetted kydroigen; and 
the gaa which we emply so advantageously £»r ittamina- 
tioQ, is the same^ holding an additienal quantity of 
carbon in suspension* Naphtha, aad a long list of 
orgame bodie% are composed of these two chemicsl 
elements.' 

These oombinations lead us^ natmradlyy to the con* 
sideration of the great chemical fty^aomssQA of cambus- 
tion^ which involves, indeed^ the inflneneea of aU the 
nnyfflcal powers. By the aj^cation of heat^ we pro- 

* Clemcai Gazitte, 1849. 

f Iodide of silT«r has been found at Albarradon^ near Mazapil, 
in Mexico. Iodide of meirtuy, of a fine lemon-yeOow colonr, has 
bmn diaB«y«Bcl in the sandst^M of GIkws Tiegasy Meadeo^ 
Algeis; ThiMptt' Mfmerakgy, 

I Genzeix's Bepwts of Idta Stoddwim Aeademy, 
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duce an intense action in abody said to be combustihie ; 
it bums, — a chemical action of the most energetic 
character is in progress, the elements which col^titute 
the OMnbustible body are decomposed, they unite with 
some other elementary principles, and new compounds 
are formed. A body bums — ^it is entirely dissiiiated, or 
it leaves a very «aA quantity of ashes lehinfinc^. 
sumed, but nothing is lost. Its volatile parts have 
entered into new arrangements, the form of the body is 
changed, but its constituents are still playing an 
important purpose in creation. 

The ancient notion that fire was an empyreal element, 
and the Stahlian hypothesis of a phlogistic principle on 
which all the effects of combustion depended,* have 
both given way to the philosophy -of the unfortunate 
Lavoisier— which has, indeed, been modified in our own 
times — ^who showed that combustion is but the develop- 
ment of heat and light under the influence of chemical 
combination. 

Combustion was, at one period, thought to be always 
doa to the combiniltion of ^gen mth the hody bur^. 
ing, but research has shown that vivid combustion may 
be produced where there is no oxygen. The oxidizable 
metals bum most enei^etically in chlorine, and some of 
them in the vapour of iodine and bromine, and many 
other unions take place with manifestations of incandes- 
cence.- Supporters of combustion were, until lately, 
regarded as bodies distinct from those undergoing com- 
bustion. For example, hydrogen was regarded as a 


* Stabl, taking up the obscure notions of Becher and Van Hel- 
mont, supposed the phenomena of comhustion to be due to 
phlogiston. He imagined that hy cQmhination with phlogiston, a 
body was rendered combustible, and that its disengagement 
occasioned combustion, and after its evolution there remained 
either an acid or an earth : thus sulphur was, by this theory, sup- 
posed to be composed of phlogiston and sulphuric acid, and lead 
of the calx of lead and phlogiston, &o. 
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comlrasliliK imkiJ', and oxygen m s mipporter of oom- 
bustioii. Sndi asi tEumngenieiit is n most fflogical one^ 
snicc wc nay bwm osfgen in an atmosphere of hy- 
Arogen^ in tii^ same maimer aa we htm hydrogen in 
one of oxygen ; and ao^ in all the other cases, the sap- 
porter of combustion may be bnmt in an atmosphere 
formed of the^ so caUed, combastible. The ordinary 
phenomena of combostion axe, however, due to the 
combination of oxygen with ihe body homing; therefore 
every instaice of oxi£zation may be rqgandted as « con- 
dition of combustion, the diffe r enc e bong onfy one of 


Common iron, exposed to air and moistnre, rusts'} it 
combines witli oxygen. Pnre non, in a state of fine 
division, unites with oxygen so eageily, tSiat it becomes 
incand^K^nt, and in both cases oxide of iron is formed. 
^RuB hist issftanee is ceftainly a ease cf oombostion ; but 
in what does it differ from the fint one, exc^ in ihe 
intensity of the action? The cases of ap w it an eons 
oombaslion whsdi are continnally oocurxing acre ex- 
amples of an analogons character to the aboTC. Oxygen 
is absoibed, it enters more or less gnickly, according to 
atmoqphmc oonditiknui, into dtemical combination ; heat 
is ev^ed, and «ventadly, — tiie action continnaSf 
i]icreasmg,-*-tn»e combostion takes plaee. in this way 
onr cotton-tdiips, storehouses of flscx, piles of oiled-cioth, 
saw-dust, 9oc^ freqnenfiy ignite; and to sndi ' an 
influence n to be attribirted Ihe destructiun of two of 
our ships Kii war, a, few years aince, in Devonport nard 
arsenal.* 

* Being ^iDed' lapon hf Ihe ftoGcitor fer fire Adnnrdly to bx- 
amine into the «B«9en «f the fire which deaAro^«d tho Irh^«w 
asid 'Mti9er% m D evunp e i ' t Arsettsl, I dneo^rared a binimder tin 
roofing widk^ ■eovwedu^ese ilii|ns, in wluch there had been &io^« 
mvdaiting for a ioagpenod aii the ivfase of the whc e l i viiglil/ and 
naxnteaf i^Mp; ma it was ^pSatb indent; that aponftsneoos com- 
ovBBIion has ta>km plaeo in Hm maaief tnled oafccmif adfoosft, a&ti* 
attrition, and old sail-clotk, ttare ~ ~ 


In tibe eeonomc pioductum of keat tad. hght, we 
3ta^ the icomlaiiatioti of hydiogiQi and carbon mth tb^ 
, oaygen «f cxn|moii air, formisig water, and eartonjc 
sMoid. In our domeatic fires we employ ooal^ whidi k 
esaentadly a camponxid of carbon andbydrc^ai oontaixw 
nig a litde oifgeai and sonic nit3?ogen, with some earthy 
mattea which most be vegaoded as impurities; tibe 
taper, irivAerof wax or taUow, is made up of the aame 
bodiea, ^^Genng oniy in tiieir combining proportkHi% 
and, like coal gaa^ i^eae bnmi» carbiuetted hydrogen. 
All theae faodka are very inflanninddey having a tand^icy 
i» oomUbae eneigetic»Ily widi oxygen at a certain 
-eievation 4xf temperature. 

We «^ at a loss 4) isjftow how heat can cause the 
^comhtnatingi <^ those bodies* Sir Humphry Davy ha» 
ihown tbeat hydrogen will not bum, nor a mixtuzc of it 
"With oxj^gen esplodey ucden dirediy inflnenced by a 
body heated ao aa to emU ligkL'^ May we not^ therch 
fore^ conclude that the diemical adion ediibi^ in a 
burning body is a development xji some lat^it Jbrce, 

with whidh we are unacquaintBd^ produced by the abscnrpr- 
tion of hghi^ — that a repulsive action at first takes 
place^ by which the hydrogen and carbon are separated 
£Ram euch other; — and that in the nascent state they 
aie seised by the oxygen, and again compelled^ thou|^ 
in the new forms of water and carbonic acid, to resume 
tiieir chania of combining affinity ? 

Ei/ery eqpnyaksit of carbon and of hydrogen in the 
burning body unites witii two equivalents of oxygen, in 
atrict coniDrmity wi& Ihe laws of combination. The 
flame of hydrogen, if pure, gives scarcely any light, but 
combined with flue solid particles of carbon, it increases 
in bc^ilneH. The moat brilliant of the illuminating 
gases is the olefiant gas^ produced by the decompositum 
of alcohd, and it is only hydrogen <diaiged with carbon 

^ Mmgf^okmm Ekme: £^ fi. Davy's CoUaoted Works. 
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to the point of Batnration. Flame is a cone of heated 
vapour^ becoming incandescent at the points of contact 
with the air; a mere superficial film only heing Inminons. 
It is evident that all the particles of the gas are in s 
state of yery active repulsion over the surfoce, since 
flame will not pass through wire gauze of moderate 
fineness. Upon this discovery is founded the inimitable 
safiety-lamp of Davy, by means of which the explosive 
gases of a mine are harmlessly ignited within a cage of 
wire gauze. This effect has be^ attributed to a cool- 
ing influence of the metal ; but, since the wires may be 
brought to a degree of heat but little below redness 
without igniting the fire-damp, this does not appear to 
be the cause. The conditions 6f the safety lamp may 
be regarded as presenting examples exactly the converse 
of those already stated with reference to the spjCieroidal 
state of water ; and it affords additional evidence that 
the condition of bodies at high temperatures is subject 
to important physical changes. 

The principle upon which the safety lamp is con- 
structed is, that a mixture of the fire-damp and 
atmospheric air in certain proportions explodes upon 
coming in contact with a flame. 

This mixture passes readily through a wire gauze, 
imder all circumstances, and it, of course, thus ap- 
' preaches the flame of the lamp enclosed witiiin such a 
material, and it explodes. But, notwithstanding the 
mechanical force with which the exploding gas is thrown 
back against the bars of its cage, it cannot pass them. 
Consequently, the element of destruction is caught and 
caged; and notwithstanding its fierceness and.enei^,it 
cannot impart to the explosive atmosphere without, any 
of its force. No combustion can be communicated 
through the wire gauze. ^ 

The researches which led to the safety-lamp may be 
regarded as among the most complete examples of 
correct inductive experiment in the range of English 


^^^mmm^^mi^^fv^^p^^^^mw^i — im ii ■l^v^^jmhh.jUiii ■ i^* 
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«ienoe, and flie result is certainly one of the proudest 
achievements of physico-cliemical researcli. By merely 
enveloping the flame of a lamp with a metallic gauze^ the 
labourer in the recesses of the gloomy mine may feel 
himself secure from that outpouring current of ii:dlam- 
mable gas, which has been so often the minister of 
death: be may walk unharmed throus^h the explosive 
^tmos^here, anS examine the intenrity^of its poJer, a« 
it is wasted in triflmg efforts within the little cage he 
carries. Accidents have been attributed to the "Davy/' 
as the lamp is called among the colliers ; but they may 
in most cases be traced to carelessness on the part of 
those whose duty it has been to examine the lamps, or 
to the recklessness of the miners themselves. 

That curious metal, platinum, and also palladium, 
possesses a property of maintaining a slow combustion, 
which • the discoverer of the safety-lamp proposed to 
render available to a very important purpose. Kwe 
take a coil of platinum wire, and, having made it red- 
hot, plunge it into an explosive atmosphere of car- 
buretted hydrogen and common air, it continues to 
glow with considerable brightness, producing, by this 
very peculiar influence, a combination of the gases, 
which is discovered by the escape of pungent add 
vapours. Over the little flame of the safety-lamp, it was 
proposed by Davy to suspend a coil of platinum which 
would be thus kept constantly at a red heat. If the 
miner became accidentally enveloped in an atmosphere 
of fire-damp, although the flame of his lamp might be 
extinguished, the wire would continue to glow with 
sufficient brightness to light him from his danger, 
through the dark winding passages which have been 
worked in the bed of fossU fuel. This very beautifol 
arrangement has not, however, been aidopted by our 
miners. 

It is thus that the discoveries of science, although they 
may appear of an abstract character, constantly, sooner 
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or Iftter, are applied to uses hj wlndi some brandi of 
human labour is anisted, the neeessities of mail's oon- 
dition rdiietedy and the amenities of life advanced. 

The Tespiration of animals is an instance of the same 
Idnd of chemical phenomena as we discover in ordinary 
comhnstion. In the longs Ihe blood beccnnes charged 
with oxygen^ derired firomthe atmospheric air, with wUch 
it passes timmgh the system^ performing its importaiKi^ 
offices, and the blood is returned to the lungs with ihe 
carbonic acid formed by the separation of carbon from 
tibe body whidi is thrown off at every expisatioiQ. It 
will be qnite evkkent that tiiis process is similar to that 
of ordinary combostion. In man or animals, as in the 
burning taper, — whidi is vpSty enough emfSayeA by 
poets as the symbol of life, — ^we have hydrogen and 
carbon, with some nitrogen soperadded; tiie hydrogen 
and oxygen form water under the actkm of ike rkal 
forces; the carbon with oxygen prodnces carbonic add,, 
and, by a curious process, the nitrogen and hydrogen 
afaM> combine to form ammonia.* 

All the carbon which is taken into the animal economy 
passes, in the process of time, again into the atmoqphere, 
in combination with oxygen, this being effisjcted in the 
body, under the eatafytic power of tissues, immediatdy 
influenced by the excitation of nervous forces, whsdi are 
the direct manifestati(xts of yital energy. The quantity 
of carbonic acid thus given out to the air is capalte of 
calculation, with aniy a small amount of error. It 
appears that upwards of fifty ounces of carbonic add 
must be given off from the body of a healthy man in 
twenty-four hours. On the lowest calculation, the pc^- 
lation of London must add to the atmoq^re dmij 
4,500,000 pounds of carbonic add. It must also be re- 
membered that in every process for artificial iBranination, 
and in all the operations of the manufactures in which 

* See ikoto, mii, Om ike ChmktU Tki0ry e^ EB^tttitm. 
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fire is used, and ako m our ftnrang!eme3tt» ta aecvie do- 
mestic comfort^ inuaense quantities of this gas ave 
formed. We may^ isdeed, hidj estimate the amount^ 
if we ascertain the quaxKtily of wood and coal eonsumed^ 
of aU th^ carbon whick^ccxmluEheft with oxygm. while 
fauzningy and escapes into the air^ either as eacbonic aidid 
or carbooic oadde* The £ariaer gas» the same as that 
which aocumnlates in deep wdls and in brewers' Tat% 
is highly destructiye to life, pirodiudng very distressing 
symptoms, even when mixed with atmoi^rie air, in 
Imt sliglht escea&r over thai proportion whi^ it com- 
inonlyooitakB. Tb6 0ii»«»aiveatoo8phare of crowded 
rooms i& in a great measure dne to the increased prc^ortictt 
of carbonic acid givenoff from the lungs o£ those assem- 
bled^ and collected la the almost stagnant air of badhjr 
ventilated apartments. It will be evident to evory one, that 
unless some provision was made for removing this dele- 
terious gas fropi the atmps^iere as speedily as it formed, 
consequences of the most injurious character to the 
animal races would ensue. It is found, however, that 
the quantity m the atmoiqphere is almost constantly 
about one per cent. The peculiar properties of carbouac 
add in part ensure its speedy removal. It is among 
the heaviest of gaseous bodiesj^ and it is readily absorbed 
by water ; consequently^ floating within a short distance 
from the surface of the earth, a lai^e quantity is dis- 
solved by the waters spread o^er it. A conaii^rabie 
portion is removed by the v^etaUe kingdom ; indeed, 
the whole of that produced by animals, and by the 
processes of combustion, eventually becomes pact g[ 
the vegetable wodd, being absorbed with water by the 
roots,, and aq)arated from the six by the peeuEar func- 
tions of the leaves. However, this heavy gas unites 
with the lighter atmo(spherie fluid in obedience to that 
law whLc^ determines the diffusion of diflGerebi q^eific 
gravities through each other. 
Theleanreaof plants may baxegaxded as perforarag 
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rimilar offices to the longs of animals. They are the 
breathing oi^ans. In the animal economy a certain 
quantity of carbon is necessarily retained^ in combination 
with nitrog^L and other elements^ to form muscle ; but 
this is constantly nnde^oing change ; the entire system 
being renewed within a comparatively hmited period. 
The conditions with plants are somewhat difP(ra«nt. For 
instance^ the carbon is fixed in a tree^ and remains 
as woody fibre imtil it decays^ even though the life of 
the plant may extend over centuries. 

Animals, then, are constantly supplying carbonic 
acid; plants are as constantly feeding on it ; thus is the 
balance for ever maintained between the two kingdoms. 
Another condition is, however, required to maintain for 
the uses of men and animals the necessary supply of 
oxygen gas. This is effected by one of those wonderM 
operations of nature's chemistry which must strike 
every reflecting mind with admiration* During the 
night plants absorb carbonic acid ; but there is a con- 
dition of repose prevailing then in their fimctions, and 
consequently their powers of effecting the decomposition 
of this gas are reduced to their minimum. The plant 
sleeps, and vital power reposes; its repose being as 
necessary to the plant as to the animal. With the first 
gleam of the morning sun the dormant energies of the 
plant are awakened into full action; it decomposes this 
carbolic acid, secretes the carbon, to form the rings of 
wood which constitute so hu^e a part of its struc- 
ture, and pour out oxygen gas to the air. The plant 
is, therefore, an essential dement in the conditions 
necessary for the support of animal life. 

The animal produces carbonic add in an exact pro- 
portion to the quantity of carbonaceous matter whidi 
it consumes. Fruit and herbage contain a small quan- 
tity of carbon in comparison with muscle and ht. But 
let us confine our attention to the human race. Man 
within the Tropics, where the natural temperature is 


DEPENDENCE OF PLANTS AND ANTMAX^S. 313 

liigh^ does not require so great an amount of chemical 
action to go on within him for the purpose of main- 
taining the requisite animal heat; consequently his 
^^has sun^unded him with fruits andgUis which 
constitute his food. 

As we advance to the colder regions of the earth 
man hecomes a flesh-eatar^ and his caraivorous appe- 
tite increases as the external temperature diminishes. 
Eventually we reach the coldest zones^ and the human 
being there devours enormous quantities of £Eit to 
supply the necessities of his condition. 

It must necessarily follow^ that the inhabitants of the 
tropics do not produce so much carbonic add as those 
who dwell in colder r^ons. In the first place^ their 
habits of life are different^ and they are not under the 
necessity of maintaining animal heat by the use of arti* 
ficial combustion^ as are the people of colder climes. 
The v^etation of the regions of the tropics is much 
more luxuriant than that of the temperate and arctic 
zones. Hence an additional supply of carbonic acid is 
required between the torrid zones, and a less quantity 
is produced by its animals. These cases are all met by 
the great aerial movements. A current of warmed air^ 
rich in oxygen, moves from the equator towards the 
poles, whilst the cooler air, charged with the excess of 
carbonic acid> sets in a constant stream towards the 
equator. By this means the most perfect equalization 
of the atmospheric conditions is preserved. 

The carbonic add poured out from the thousand 
mouths of our fiery fomaces, — ^produced during the 
laborious toil of the hard-working artizan, — and ex- 
haled from every populous town of this our island 
home, — ^is borne away by thin pur aerial currents to 
find its place in the pines of the Pacific Islands, the 
spice-trees of the Eastern Archipelago, and the cin- 
chonas of Southern America. The plants of the valley 
of the Caucasus, and those which floiuish amongst 
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fhe Himalayas^ eqmUjr vidi tlie leas Itmyiaint vege- 
tactkm of our temperate climes, are direetlj depegdAai 
upon maa and the knrer animala ftr their flvq^ptf of 
food. 

If all plants were removed from Urn eartk, «*"^^ 
ocrald not exist. How would it be if the asdmal king- 
dom waa azmihibted? — would it be poaaiUe for vege- 
tation to contiinie? Tfaia qnestioii ia not qute » 
eaaOy anawered; bnt, if we suppose aU the caabon- 
psodncing ma<*tiin^ — ^the MwwMfclft — to be extinet, firam 
whence would the planta draw their Mmppkyi It has 
been snppoaed that during the epoch ot the ooal for- 
mation a Inxoziaiit T^etation must haye gone qbl over 
the earths snrfiic^ whm the edateiiee of ammal life was 
regarded aa problematical. Itiaai^poaedthattheairwai 
then chained with carbonie acid^ anwd that the cahoniteiy 
Iqadodendra, and aigihna, were employed to r^Bove it, 
a&id fit liie earth for the oxjgexi-breaf^hi]^ raeea. The 
endenee npost these parnta ia by no meana ftatififiirtwy: 
and althooi^ at one time quite diqMsed to aoqnieaee xd 
a coD^eetme whidi appeara to aoeoimt so beantifBlfy for 
the observed gedkigusal phenomena of carbcmiferons 
periods, we do not regard the neeessitiea for such a 
condition of the atmosphere aa ckarly made onL* 
Creological researdb, too, haaahown that tibie immense 
forests firom which our coal is formed teemed with life. 
A frog aa liarge as an ox existed in the swamps^ aind the 
existence of insecta proves the high ord^r oC organic 
oreatiQii at this qpoch. 

* At the request of the British Associatibn, a committee under- 
took the inyestigation of this subject Experiments were carried 
on by Dr. Daubeny, m the Botame Oardens at Oxford, aiad hyUae 
Author, at his retadence^ StockwelL Br. Daubenpf, in h» npovt 
made at ihe meetuig of the British AsscMsiatioo al Birmii^haai, 
appears disposed to consider ten per cent of carbonic acid in ex- 
cess as destructiye to the growth of ferns. I found, however, thai, 
by gradually increasing the quantity, the ferns would lite in an 
atmosphere stiO more bigUy cbaiged widi earb<»se uU. 
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In. all probability the same mutual depeudence whidb 
ikxm exifita between the animal and y^etable kingdoma 
existed from the b^mniiig of tiaie, and will continue to 
do so under yarying eutcomstances through the countless 
ages of the earth^s duratbiu 

There is yet another very important chain of circum- 
stances which binds these two great kingdoms together. 
This is Ihe chain of the animal necessities. A largo 
number of races feed directly upon v^etables; harbs 
and fruits are the only things from which they g«in 
those el^Daents required to restore the waste of their 

These herbiyorous animals, which must necessarily 
form fat and muscle from the elements of their yegetabte^ 
diet, are preyed on by the camiyorous races; and from 
these the carbon is again restored to the yegetable world. 
Sweep off from the earih the food of the herbiyora, thegr 
must necessarily yery soon perish, and with their disso- 
lution, the destruction of the camiyora is certainly 
ensiired. To illuatrate this on a small scale, it may be 
mentioned that around the coasts of Co^waU, pQchards 
were formerfy caught in yery great abundance in the 
^hallow water withm coyes, where these fish are now but 
rarely seen. From the inyestigations of the Messrs. 
Conch, whose yery accurate obs^ations (m the Cornish 
fauna haye placed both father and scm amongst the most 
eminemt <tf British naturalists,^ it appears that the 
abs^soe of these fish is to be attributed entirely to the 
practice of the fiurmers,. who.cut the sea-weed from the 
rocks for the purpose of manuring their lands. By this 
they destroy all the small Crustacea inhabiting these 
immature marine foorests feeding on Ihe algae, and aa 
these, the principal food of the pilchards, haye perished 
they seek for a substitute in more &yourable situations. 

* See memoir On the BUehardy by Mr. Couch, in the Reports of 
the Eojal OomwaH Podi^teehmc SoeLety. 
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Mr. Darwin zemarks^ that if the immense seaweeds of 
the Southern Ocean were removed by any canse^ the 
whole fauna of these seas would be changed. 

We have seen that animals and vegetables are com- 
posed principally of four elementary principles^ — oxygen, 
hydrogen^ nitrogen, and carbon. We have examined 
the remarkable manner in which they pass from one 
condition — from one kingdom of nature — ^into another. 
The animal, perishing and dwindling by deicompo6iti<Xi 
into the most simple forms of matter, mingling with the 
atmosphere as mere gas, gradually becomes part of the 
growing plant, and by like changes vegetable organism 
progresses onward to form a portion of the animal 
structure. 

A plant exposed to the action of natural or artificial 
decomposition passes into air, leaving but a few grains 
of solid matter behind it. An animal, in like manner, 
is gradually resolved into ''thin air.^' Muscle, and 
blood, and bones, having undei^ne the change, are 
foimd to have escaped as gases, leaving only ^' a pindi 
of dust,'' which belongs to the more stable mineral 
world. Our dependency on the atmosphere is therefore 
evident. We derive our substance from it— we are, 
after death,, resolved again into it. We are really but 
fleeting shadows. Animal and vegetable forms are little 
more than consolidated masses of the atmosphere. The 
sublime creations of the most gifted bard cannot rival 
the beauty of this, the highest and the truest poetry of 
science. Man has divined such changes by the unaided 
powers of reason, ai^uing from the phenomena which 
science reveals in unceasing action around him. The 
Grecian sage's doubts of his own identity, were only an 
extension of a great truth beyond the limits of our 
reason. Romance and superstition resolve the spiritual 
man into a visible form of extreme ethereality in the 
spectral creations, " clothed in their own horror," by 
which their reigns have been perpetuated. 
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When Shakspeare made his charming Ariel sing — 

" Full fathom five thj father lies, 

Of his bones are coral made, 
Those are pearls that were his eyes : 

Nothing of him that doth fade, 
But doth suffer a sea change 
Into something rich and strange/* 

he painted^ with considerable corredtness^ the chemical 
changes by which decomposing animal matter is replaced 
by a siliceous or calcareous formation. 

But the gifted have the power of looking through the 
veil of nature, and they have revelations more wonder- 
ful than even those of the philosopher, who evokes them 
by perpetual toil and brain-racking struggle with the 
ever-changing elements around him. 

The mysteries of flowers have ever been the charm of 
the poet's song. Imagination has invested them with 
a magic influence, and fancy has almost regarded them 
as spiritual things. In contemplating their surpassing 
loveliness, the mind of every observer is improved, and 
the sentiments which they inspire, by their mere exter- 
nal elegance, are great and good. But in examining 
the real mysteries of their conditions, their physical 
phenomena, the relations in which they stand to the 
animal world, " stealing" and giving odours'' in the mar- 
vellous interchange of carbonic add and ammonia for 
the soul-inspiring oxygen — all speaking of the powers of 
some unseen, in-dwellmg principle, directed by a supreme 
ruler — ^the philosopher finds subjects for deep and soul- 
trying contemplation. Such studies lift the mind into 
the truly sublime of nature. The poet's dream is the 
dim reflection of a distant star : the philosopher's reve- 
lation is a strong telescopic examination of its features. 
One is the mere echo of the remote whisper of nature's 
voice in the dim twilight; the other is the swelling 
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music of tlie harp of Memnoiiy «irakeiied li^ the mm of 
truth, newly risen fi^m the night of ignorance. 

To return from our long, but somewhat natural 
digression, to a coneiderafion of the chemical phenomena 
connected with the atmosphere, and its curious and 
important element, nitrogen, we must first examine the 
evidence we ha^e of the condition of the air itself. 

The mean pressure exerted upon the sur&ce of the 
earth, as indicated %7 the baaravieter, is equii to a ocdunm 
of mercury thirty indies high^ thjKt is, the column of 
air from the surface oi the ocean to its highest limits 
^XBdij balances Aat quantily of mercoiy. If our 
tube of mercury had the area of one square inch, 
the cdnmns would weigh fifteen pom^bs, i^ch repie- 
weaiU a jwessore of fifteen poundb upon every aquaie 
inch of the eartVs sur&ce. THas^ preasure, it mixst be 
remembered, is the compound w^ght of the gaseous 
envelope, and the elastic foice al the aqueous ytapom 
contained in it* If Hie atmosphere were of nm f or m 

♦ "Thissoale, in wliieh the huaudily of the air is ezprosBBd, is 
the simple natural scale in which air at its maximum of humidity 
{t. e,, when it is saturated with yapour) is reckoned as =: 100, and 
air abscrfutely deprived of moistare as = d; tiie intermediate de- 
grees ass gmti by the fraelton les x actual teaaiaii of -nepovr^ 
teDBioa le^uirad £ar the Bstaroliou <]f the air at its ftiinting tem- 
perature. Ilius, if &e air at any temperature whatsoeTer eon- 
tains vapour of half the tension, which it would contain if satu- 
rated, the degree is &0 ; if dree-fourths, then T5 ; and so fordi. Air 
of a higher tampeEatiireiBeapafcle of eolitBiDiiig a mater quanti^ 
of vapoor than air of leas tempeiatarej birtitisthepropertioaaK 
what it does oouitaio, to what it would contain if saturated, which 
oonstitutes the measure of its dryness or humidity. The capacity 
of the air to contain moisture being determined by its temperature, 
it was to he enected that aa intimate eotuieetion and dependence 
wmdd he fimndjto eaisthetweea the anmHl and diuraal vamtionc 
of the ¥»OBr and of tha temperatara** — Sabine, Om the Metmro^ 
logy of Toronto ; Reports of the British Association, vol. ziii!p. 
47. ThB TempertOure ^ableg: byPlrof. W. H. Dove ; Eeports lor 
1S4L7 should ht oonsnlfeed. 


THIS Aiifasi*Bns. 319 

ooBcBtioii, its; hek^t, as mSeamA from the baaxmieter, 
voald be about tm miles and a half. The density of 
'Aie m, howev&r, dimixuahes with &e pressure rxpcm. it, 
so tiMU; at the liaglit <^ 11,556 &et, the atmosphere is 
of half doisitjr; or one volume of air, as taken at the 
surface i^the earth, is expanded into two at that height. 
Urns the wdght is continiiaHy duninishing ; but tiiu is 
regularly opposed by the decreasing temperature whidi 
diminiriieB the rate of about one degree for etery 852 
fi^et of asoenty althcmgh in all probalality it is less 
n^id 9t great distances fiptmi the earth. 

It has been caleokted from certain phenomena of 
r^beid&m, that our atanosjAuere nmat extend to alioat 
forty mfles from Ae sur&oe of the earth. It may^ in 
a state of extzeme tenuity, extend stiU finrther; but 
it is probaJbie that the intense cold produced by rare* 
faction sets limits to any esAaukm much beyond this 
eienition. 

Ihei tises of tihe atmo^qphexe are many. Jt is the 
medium for regnhting the diqp^rsion of watery Yapoura 
over the earth, if there were no atmosphere, and 
Hmt, as now, the equatorial climes were hot. and tibe 
poles cold, evaporation would be continually going on 
st the equator, and condensation in the odder regions. 
The sky of the tropicai climes would be perpetually 
doudless, whilst in ti»s temperate and aretie aones we 
should ha?e constant rain and snow. By having a 
gaseous atmosphere^ a more uniform state of things is 
prodoeed; tibe vapoors arising from die eaidi beomne 
intimately mixed with tibe air, and are borne by it 
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Cfm large tracts of ooontiy, and onty j 
when diey enter some stratmn much cc3der than that 
widch ittvob^ ifaan. Ilieze are ofpmte tendenoies in 
an atmosphere of air and one of vapour. The air dr^ 
cnlates fiK)m the colder to the warmer partSp^ and the 
vapour from the warmer to the colder regmns; and as 
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the conents of the air, firom the distribution of land and 
sea — ^the land, firom its low conducting power, being 
more quickly heated than the sea — are very complicated, 
and as some force is employed in keeping the Tapour 
suspended in the air, water is less suddenly deposited on 
the earth than it would have been,.had not these ten- 
dencies of the air and its hygrometric peculiarities been 
such as we find them. 

The blue colour of the sky, which is so much mme 
agreeable to the eye than either red or yellow, is due to 
a tendency of the mixed gas and vapour to r^ect the 
blue rays rather than red or yellow. The white light 
which falls upon the surface of the earth, without ab- 
sorption or decomposition in its passage firom the sun, 
is partially absorbed by, and in part reflected back from, 
the earth. The reflected rays pass with tolerable free- 
dom through this transparent medium, but a portion of 
the blue rays axe interrupted and rendered visible to us. 
That it is reflected light, is proved by the fact of its being 
in a polarized state.* Clouds of vapour reflect to us 
again, not isolated rays, but the undecomposed beam, 
and consequently they appear white as snow to our 
vision. 

The golden glories of sunset, — ^when, ^^Hke a dying 
^ i dolphin,^' heaven puts on the most gorgeous hues, which 
are continually changing,— depend entirely upon the 
quantity of watery vapour which is imxed with .air, and 
its state of condensation. It has been observed, that 
steam at night, issuing into the atmosphere under a 
piressure of twenty or thirty pounds to the square inch, 
transmits and reflectS\ orange-red light. This we may, 
therefore, conclude to be the property of 8uch> a . con- 
dition of nuxed vapour and air, as prevails when the 

* Sir David Brewster's Optics, and Memoirs in the Philosophical 
Transactions. Sir John Herschel's Treatise on Jjight^ Encyclope- 
dia Metropolitana. 
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rising or the setting sun is shedding over the eastern 
or the western horizon the glory of its coloured rays.* 

Thus science points out to us the important uses of 
the air. We learn that life and combustion are entirely 
dependent on it^ and that it is made the means for' 
securing greater constancy in th^ climates of the earth 
than could otherwise be obtained. The facts already 
dwelt upon are sufficient to convince every thiiJdng 
mind that the beautiful system of order which is dis- . 
played in ihe composition of the atmosphere, in which 
the all-exciting element, oxygen, is subdued to a tranquil 
state by anotiber element, nitrogen, (which, we shall 
have presently to show, is itself, under certain con* 
ditions, one of the most energetic agents with which we 
are acquainted,) indicates a supreme power, omniscient 
in the adaptation of things to an especial end. * Oxygen 
and nitrogen are here mwed for the benefit of man; 

* On the Colour of Steam under certain eircumstanees : hj Pro- 
Hdssor Forbes; Philosophical Magazine, vol. xiv. p. 121, vol. xv. ' 

5. 26« In the first paper the following remarks occur : — " I cannot > 
oubt that the colour of watery yapour under certain circum- 
stances is the principal or only cause of the red colour observed in- 
clouds. The very fact that that colour chiefly appears in the pre- 
sence of clouds is a sufficient refutation of the only explanation 
of the phenomena of sunset and sunrise, having the least plausi- 
bility, given bv optical writers. If the red light of the honzontal 
sky were simply complementary to the blue of a pure atmosphere, 
the sun ought to set red in the clearest weather, and then most of 
all ; but experience shows that a lurid sunrise or sunset is always 
accompanied by clouds or diffused yapours, and in a great 
majority of cases occurs when the changing state of preyiously 
transparent and colourless yapour ma^ be inferred from the suc- 
ceeding rain. In like manner, terrestnal lights seen at a distance 
grow red and dim when the atmosphere is filled with yapour soon 
to be precipitated. Analogy applied to the preceding obsenrations 
would certainly conduct to a solution of such appearances ; for I 
have remarkea that the existence of vapour of high tension is by 
no means essential to the production of colour, though of couise a 
proportionally greater thickness of the medium must be employed 
to produce a similar effect when the elasticity is small." 

T 
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man unites them by the aid of power» with which he is 
gifted^ and ike consequences axe of a fatal kind. The 
principles which the great Chemist of Nature renders 
nuld are transformed into sources of evil by the chemist 
of art. 

Beyond all this, the atmosphere produces effects on 
light which add infinitely to the beauty of the world. 
Were there no atmosphere^ we should only see those ob- 
jects upon which the sun's rays directly fdl^ or from which 
they were reflected. A ray falling through a small hoLe 
into a dark room^ illuminating one object^ which reflects 
some light upon another^ is an apt illustration of the 
effect of light upon the earthy if it existed without its 
enveloping atmosphere. By the dispersiye powers of 
this medium^ sunlight is converted into dayU^t ; and 
instead of unbearable parallel rays illuminating bril- 
liantly^ and scorching up with h^ those parts upon 
which they directly £all^ leaving all other parts in the 
darkness of nighty we enjoy the blessings of a diffusion 
of its rays, and experience the beauties of soft shades 
and slowly-deepening shadows. Without an atmosphere, 
the sun of the morning would burst upon us with un- 
bearable brilliancy^ and leave us suddoily, at the close 
of day, at once in utter darkness. With an atmo- 
sphere we have the twili^t with all its tempered love- 
liness, — a " time for poets made.^' 

In chemical character, atmospheric air is composed of 
twenty-one volumes of oxygen, and seventy-nine volumes 
of nitrogen : or one hundred grains of air consist of 23*1 
grains of the former, and 76*9 grains of the latter. 
Whether the air is taken from the greatest depths or the 
most exalted heights to which man has ever reached, an 
invariable proportion of the gases is: maintained^ The 
air of Chimbcoraso, of the arid plains of Egypt, of the 
pestilential delta of the Niger, or even of the infected 
atmosphere of an hospital^ all give the same proportions 
of these two gases as we find ousting on the healtUul hiUs 
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•ei DeTonahire, or in the air of the city of London. This 
oonstanCT io constitation leads to the supposition that 
the oiygm and nitrogen are chemicaUy combined ; bnt 
many eminent philosophers have contended that thej 
are merely mechanically mixed; and they have shoTra 
that some pecnhar propertieB prevail amongst gaseons 
bodies, which very fuUy explain the equal admixture of 
two gases Ihe specific gravities of which are different. 
This is particolaiiy exemplified in the case of carbonic 
aeid^ of which gas one per cent, can be detected in all 
x^ons of the air to which the investigations of man 
have reached. This gas^ althongh so heavy^ is^ by the 
law of diffusion^ mixed with gieat unifi>rmity throughout 
iihe mass.* Every exhalation from the earthy of conrse, 
passes into the air ; but these are generally either so 
light that they are carried into the upper regions^ and 
there perform tl^ir parts in the meteorological pheno- 
mena^ or they are otherwise very readily absorbed by 
watar or growing plants^ and thus is the atmosphere 
p rcae rv ed in a state of purity for the uses of animals* 
Again^ the quantity of oxygen contained in the air^ and 
its very peculiar character^ ensures the oxidation of all 
the volatile oirganic matters which are constantly pa3sing 
oS, — ^as the odoriferous principles of plants^ the mias^- 
mata of swamps^ and tte products of animal putrefac- 
tion ; th^ are rapidly oonverted into water^ carbonic 
acid^ caei nitric acid^ and quickly enter into new and harm* 
less oomlnnations. The el^nents of contagion we are 
unacquainted with ; but since the attention of inquirers 
hasr been of late du^cted to this important and delicate 
fttbject^ some Ught may possibly be thrown upon it 
before long. 
No11iii^.iliow8 more strikingly the admirable adaptation 

* On the Law of Diffusion of Gcues : by Thomas Graham, M.A., 
F.R.S., &c. ; Edinburgh Philosophical Transactions, 1832. Sur 
f Action Capillmrt des Fissures^ 4*c. : by Dobereincr; Annales de 
^Cliimie, xxiv. 933. 
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of all things for their intended naes than the atmosphere. 
In it we find the source oflife and health ; and chemistry 
teaches us, most indisputably, that it is j composed of 
certain proportions of oxygen and nitrogen gases ; and 
experience informs us that it is on the oxygen that we are 
dependent for all that we enjoy. So beautifully is the 
atomic or molecular constitution ordered, that it is impos- 
sible to produce any change in the air without rendering it 
injurious to the vegetable and animal economy. It might 
be thought, from the well-known exhilirating character 
of oxygen gas, that, if a larger quantity existed in the 
atmosphere than that which we find there, the enjoy- 
ments of life would be of a more exciting kind ; but the 
consequences of any increase would be exceedingly iiiju- 
rious ; and, by quickening all the processes of life to an 
unnatural extent, the animal fieibric would soon decay : 
excited into fever, it would be destroyed by its own fires. 
Chemistry has made us acquainted with six other com- 
pounds of oxygen and nitrogen, neither of them fitted 
£oT the purposes of vitality, of which the following are 
the most remarkable : — 

Nitrous oxide, or the, so called, laughing gas^ which 
contains two volumes of nitrogen to one of oxygen, 
would prove more destructive than even pure oxygen, 
from the delirious intoxication which it produces. 

Nitric oxide is composed, according to Davy, of two 
volumes of nitrogen and two of oxygen. It is of so 
irritating a nature, that the glottis contracts spasmo- 
dically when any attempt is made to breathe it ; and 
the moment it escapes into the air it combines witii 
more oxygen, and forms the deep red frunes of nitrous 
acid. 

Nitrous add and the peroxide of nitrogen each con- 
tains an additional proportion of oxygen, and they are 
still more destnictive to all organization. 

Nitric acid contains five volumes of oxygen united to 
two of nitrogen ; and the well-known destructive pro- 
perties of aqua fortis it is unnecessary to describe. 
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The atmosphere, and these chemically active com- 
pounds, contain the same elements, but their mode of 
combining is different ; and what is, in the one case^ 
poisonous to the highest degree, is, in the other, ren- 
dered salubrious, and essential to all organized beings. 

Nitrc^en gas may be regarded in the light of a diluent 
to the oxygen. In its pure state it is only characterised 
by its negative properties. It will not bum, or act as 
a supporter of combustion. Animals speedUy perish if 
confined in it ; but they die rather through the abs^ice 
of oxygen than from any poisonous property of this gas. 
Yet, in combination, we find nitrogen erfiibiting powers 
of a most energetic character. In addition to the ful- 
minating compounds and the explosive substances 
already named, which are among the most remarkable 
instances of unstable affinity with which we are ac 
quainted, we have also the wdl-known pungent body, 
ammonia. From the analogous nature of tins volatile 
compound, and the fixed alkalies soda and potash, it 
was inferred that it must, like them, be an oxide of a 
metaUic base. Davy exposed ammonia to the action of 
potassium, and to the influence of the voltaic arc pro- 
duced from 2,000 double plates, without at all changing 
its character. From its dight tendency to combination, 
and from its being found abundantly in the organs of 
animals feeding on substances that do not contain it, it 
is, however, probably a compound body. A phenomenon 
of an obscure and mysterious charad:er is presented, 
the formation of the ^^ammoniacal amalgam,^' as it 
called. 

Mercury, being mixed with an ammoniacal salt, is 
exposed to powerful galvanic action ; and a compound, 
maintaining its metallic appearance, but of considerable 
lightness and very porous, presents itself.* This prepa- 

* Electro-chemical Researches on the Decompositions of the Earths, 
with ohseroatitms on the Metals obtained from the AlkaUne Earths, 
and on the Amalgam procured from Anmonia : by Sir Humphry 
*Davy; Philosophical Transactions, 1808, and collected works^ 
vol. V. p. 102. 
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ration lias been carefbUy examined by Bavy^ Beiseliiis^ 
and others. It is always resolved into ammonia and 
mercury ; and, although the latter diemist is strong 
inclined to re^urd it as affording evidence of the com- 
pound nature of nitrogen^ — ^and he has, indeed, proposed 
the name nitrieum for its hypothetical base, — yet, to the 
present time, we have no satisfiustory explanation of tins 
apparent metallization of ammonia. 

No attempt will be made to describe the varioas ele- 
mentary substances which come under the dass af 
metallic bodies, much less to enumerate their combina- 
tions. Many of the metak, as silver and copper, axe 
found sometimes in a native state, or nearly pure ; but, 
for the most pert, they exist, in natuxe, in combination 
with oxygen or sulphur ; gold fumishhig a remarkable 
exception. They are occasionally found combined with 
other bodies, — ^as oxidized carbon, phoqihoros, ehlcNnne, 
&c. ; but these esses are by no means so common, 
lliose substances called metals are generally fimnd em- 
bedded in die rodLs, or deposited in fissures formed 
ftrou^ them; but it is one of the great discoveries of 
modem sdence, that those rodis themselves are metallic 
oxides. With metals we generally assodate the idea of 
great density ; but potassium and sodium, tike metallic 
bases of potash and soda, are lighter than water, and 
they consequently float upon that fluid. We leam, 
therefore, from the researches of sdence, that die crust 
of this earth is composed entirely of metals, combined 
with gaseous elements ; and there is reason for believing 
that one, or perhaps two, of the gases we have already 
named are also of a metallic character. Strange as it 
may aj^ar, there is nothing, as will be seen on atten- 
tive consideration, irrational in this idea. Many of the 
metals proper, under the influence, of such heat as we 
can, hy artifidal means, command, are dissipated in va- 
pour, and may be maintained in tins state perfectly imi- 
sible. Indeed, the transparent space above the surface. 
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of the mercury in the tube of a barometer, known as the 
Torricelliaii Tkcaum, is Med with tbe vapour of mer- 
cury. There is, therefore, no reason why nitrogen, or 
even hydrogen, should not be metallic molecules kept 
by the force of the repulsive powers of heat, or some 
other influence, at a great distance from each other. 
The peculiar manner in which nitrogen unites with mer- 
cury, and the property which hydrogen possesses of 
combining with antimony, zinc, arsenic, potassium, 
sodium, and possibly other metals, besides its union with 
sulphur and carbon — in all which cases there is no such 
change of character as occurs when they combine with 
oxygen — appear to indicate bodies which, chemically, are 
not very dissimilar to those metals themselves, although, 
physicadly, they have not the most remote resemblance. 

" We know nothing,'' says Davy, " of the true elc- 
ments belonging to nature; but, so far as we can reason 
from Uie relations of the properties of matter, hydrogen 
18 the substance which approaches nearest to what the 
elements may be supposed to be. It has energetic powei^ 
of combination, its parts are highly repulsive as to each 
other, and attractive of the particles of other matter; it 
enters into combination in a quantity very much smaller 
iiian any other substance, and in this respect it is 
approached bjr no known body.'** 

Many of the dements are common to the three king- 
doms of nature : most of those found in one condition ot 
organization are discovered in another. The carbonates 
are an abimdant mineral class. In the vegetable kingdom 
we find carbon combining with oxygen, hydrogen, and 
nitrogen : these elements, also, constitute the substance 
of animals, the proportion of nitrogen bemg, however, 
much laiger. If one dement> more than another, be- 
longs especially to the animal economy, it is phosphorus, 
although this is not wanting in the vegetable world; 

* Elements of Chemical Philosophy : by Sir H. Davy. 
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and it is not mioommon in the mineral. Sulphur is 
common to the three kingdoms : it is abundant in die 
mineral, being one of the products of ▼olcanie action; 
it is united with the metals, forming sulphurets^ and is 
found in our rocks in the state of sulphuric acid or 
oxidized vapour, combined with the metallic bases of 
lime and other earths. In the vegetable kingdom we 
discover sulphur in all plants of the onion kind, in the 
mustard, and some others ; it enters into the composition 
of vegetable albumen, and appears always combined with 
albumen, fibrine, and caseine, in the animal economy. 

Chlorine is found most abundantly in combination 
with sodium, as common salt: in this state, in par- 
ticular, we may trace it from the depths of the earth, its 
waters, and its rocks, to the plants and animals of the 
surface. Iodine is most abundant in marine plants; 
but it has been found in the mineral world, traced to 
plants, and it is indicated in the flesh of some animals. 
Bromine is known to us as a product of certain saline 
waters, and a few -specimens of natural bromide of silver 
have been examined. Fluorine, the base of the acid 
which, combining with Ume, forms fluor-spar, is found 
to exist to some considerable extent in bones ; it has 
been discovered in milk and Uood; and investigations 
have proved its existence in the vegetable world. It 
must not be forgotten that the earths, lime and mag- 
nesia, enter into the composition of the more soUd parts 
of plants and animals. Lime is one of the principal 
constituents of animal bone and shells, and it is found 
in nearly all vegetables. 

Silica, or the earth of flints, is met with in beautiful 
transparent crystals, in the depths of the mine ; in all 
rock and soils we find it. In the bark of many plants, 
particularly the grasses, it is discovered, forming the 
hard supporting cuticle of the stalk, in wheat, the Dutch 
rush, the sugar-cane, the bamboo, and many other 
plants. 
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It is thus that we find the same elementaiy pria- 
ciple presenting itself in every form of matter, nnder 
the most Protean shapes. Numerous phenomena of 
even a more striking character than those selected, are 
exhibited in every department of chemistry ; but within 
the limits of this essay it is impracticable to speak 
of any beyond those which directly explain natural 
phenomena. 

The chemical elements, which actually exist in nature 
as simple bodies, are probably but few. Most of the 
gases are in all probability compounds of some ethereal 
ultimate principles ; and with the advance of science we 
may feirly hope to discover the means of reducing some 
of them to a yet more simple state. 

Curious relations, which can be traced through certain 
bodies, lead us to believe that they may be only modified 
conditions of one element. Flint and charcoal do <not at 
first appear allied ; but carbon in some of its states 
approaches very near to the condition of silicon, the 
metallic base of flint. When we remember the differences 
which are evident in three forms of one body — coke, 
graphite, and diamond — ^the dissimilitude between flinty 
a quartz crystal, and carbon, will cease to be a strong 
objection to the speculation. 

Phosphorus, sulphur, and selenium, have many pro* 
perties in common. Iodine, bromine, chlorine, and 
fluorine, appear to belong to the same group. Iron and 
nickel, and cobalt, have a close relation. Silver and 
lead are usually combined, and exhibit a strong relation* 
ship. Gold, platinum, and the rarer metals, have so 
many properties, in common, that they may. form a 
separate group firom all the others. 

Indeed, a philosophical examination of the elements 
now supposed to constitute the material world, enables 
us to divide them into about six well-defined groups. 
Wide differences exist within these groups ; but still we 
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find a snffideiit number of common properties to warrant 
our claMmg them in one &inily. 

The dream of the alchemists, in the Tain endeaTonr 
to realise which they exhausted their lives and dissipated 
their wealthy had its foundation in a natural truth. The 
transmutation of one form of matter into another maj 
be beyond the power of man^ but it is certainiy con- 
tinually taking place in the laboratory of nature, under 
the directing hiw of the great Creator of this beautiful 

towards this idea, as is shown by the theory of the font 
dements, — ^Air, Fire, Earth, and Water, — of the andenis, 
the three, — Salt, Sulphur, and Mercury, — of the al- 
chemists, and the refined speculations of Newtcm and 
Boscovich on the ultimate constitution of matter. All 
experimental inquiry points towards a similar conda- 
don. It is true we have no direct evidence of any 
elementary atom actually undergoing a diange of state; 
but when we regard the variations produced by eleetrical 
influence, the changes of state which arise finom i^e 
power of heat, and the {^ydcalalterations produced by 
light, it will be difficult to come to any other condusioii 
than that the particles of matter known to us as ultimate 
are capable of change, 'and consequently must be tax 
removed firpm podtively simple bodies, since the real 
elementary atom, possessing fixed properties, cannot be 
supposed capable of undergoing any transmutation. 
Allotropism could not occur in any absolutely simple 
body. 

It will now be evident that in iJl chemical phenomenft 
we have the combined exerdse of the great physical 
fiorees, and evidences of some powers which are, as yet, 
shrouded in the mystery of our ignorance. The fomas- 
tion of minerals within the defts of the rocks, the 
decomposition of metallic lodes, the germination of 
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seeds^ the growth of the plants the development of its 
fruit and its ultimate decay, the secret processes of 
animal life, assimilation, digestion, and respiration, and 
all the changes of external form, which take place around 
us, are tiie result of the exercise of that principle which 
we call chemical. 

By chemical action plants take from the atmosphere 
the elements of their growth ; these they yield to 
animals, and from these they are again returned to the 
air. The viewless atmosphere is gradually formed into 
an or&:anized beinfc, the lordly tree upon whose branches 
the fowls of the 1^ have th^ hom^^ and the human 
animal, exalted by being charged with a spiritual soul : 
yet the tree and the man al&e are gradually resolved 
again into thin air. The changes of the mineral world 
are of an analogous character ; but we cannot trace them 
so clearly in all their phenomena. 

The planet on which 'we live began its course charged 
with a fixed quantity of physical force, and this has 
remained constant to the present moment, and will do 
so to the end of time. By influences external to this 
earth the balance of these forces is continually dis- 
turbed; and in the eBort to restore the equiUbiium, 
we have the production of all the varied forms of 
matter, and the manifestation of each particular physical 
principle or power. As motion and attraction, balanced 
against each other, maintain the earth in her elliptical 
orbit, so the opposition of forces determines the existence 
of the amorphouB rodL, the light-refracting crystal, the 
fixed and flowering plant, and the locomotive animal. 

An eternal round of diemical action is displayed in 
nature. Life and death are but two phases of its in- 
fluences. Orowth and decay are equally the result of 
its power. 
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CHAPTER XIII. 

TIME.— GEOLOGICAL PHENOMENA. 

Time, an element in Nature's Operations — Geological Science — 
Its Facts and Inferences— -Nebular Hypothesis applied- 
Primary Formations — Plutonic and Metamorphic Bocks — 
Transition Series — Paleozoic Rocks — Commencement of 
Organic Arrangements — Existence of Phosphoric Add in 
Plutonic Rocks — Fossil Remains — Coal Formation — Sand- 
stones — ^Tertiary Formations— Eocene, Miocene, and Pliocene 
Formations— Progressive changes now apparent — General 
Conclusions — Physics applied in explanation. 

The influeuce of time^ as an element, in producing 
certain structural arrangements, hj modifying the opera- 
tions of physical force, imder whatever form it may he 
exerted, has scarcely been sufficiently attended to in the 
eaunmation of oosmical phenomena. Every particle of 
matter is, as it were, suspended between the agencies to 
which we have been directing our attention. Under the 
influences of the physical powers, sometimes exerted -in 
common, but often with a great preponderance in favour 
of one of them, every accumulated heap of mud or sand 
is slowly cohering, and assuming the form of a rock 
possessing certain distinguishing features, as it regards 
lamination, cleavage, &c. 

The minute particles of matter are necessarily but 
slightly influenced by the physical forces : their action 
in accordance with the laws which determine physical 
condition is manifested in an exceedingly modified 
degree. But in all the operations of nature, ^ hat is 
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deficient in power is made up in time, and effects are 
produced during myriads of ages, by powers far too weak 
to give satis&tctory results by any experiments which 
might be extended even over a century. 

If, with the eye of a geologist, we take but a cursory 
glance over the Earth, we shdl discover that countless 
ages must have passed during the progress- of this planet 
to its present state. This is a fact written by the finger 
of nature, in unmistakeable characters, upon the mighty 
tablets of her mountains. 

The superficial crust of the earth,-by which is meant 
only that film, compared with its diameter, which is 
represented by a few mUes in depth— is composed of dis. 
Jet minaral^masses, exhibiting'pecnliar physical con- 
ditions and a certain order of arrangement. These rocks 
appear to have resulted from two dissimilar causes; in 
one class the action of heat is evident, and in the other 
we have either the slow deposition of matter suspended 
in water, or crystallization fix)m solution ,* an aqueous 
origin is indicated by peculiarities of formation in aUthc 
more recent rocks. 

There are few Inranches of science which admit of 
speculation to the extent to which we find it carried in 
geology. The consequences of this are shown in the 
popular character of the science. A few observations 
are made over a limited area, and certain structural con- 
ditions are ascertained, and at once the mind, ^^ fancy 
&ee,^' penetrates the profound depths of the earth, and 
imagination, having '^ ample room and verge enough,'^ 
creates causes by which every effect is to be interpreted. 
Such students, generally ignorant of the first principles 
of physics, knowing little of mineralogy, and less of 
chemistry, to say nothing of palaeontology, having none 
of the requisites for an observer, boldly assume premises 
which are untenable, and think they have explained a 
phenomenon, — ^given to the world a truth, — ^when they 
have merely promulgated an unsubstantiated specula^ 
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tian^ whieh may have occasional marks of ingenuity, and 
but little else. 

. Ibe oarefully-made observations of Aose who, with 
imwearying industry, have traversed bill and valley, 
marked and measured tbe various characters, thicknesses, 
inclinations, and positions of rocks ; who hove watched 
tbe influences of heat in changing, of water in wearing, 
and the results of precipitation in forming, strata; who 
have traced the mechanical effects of earthquake strag- 
glings and of volcanic eruptions, and, reasoning £rom an 
immense mass of accumulated &cte^ deduced certain 
general conclusions, — are, however, of a totally different 
'Character ; and it is such observers as these who induced 
Herscbel to say truly, that " geology, in tbe magnitade 
and sublimity of the objects of which it threats, un- 
doubtedly ranks, in the scale of the sciences, next to 
astronomy.^^* 

The origin of tins planet is involved in great obscurity, 
which the powers of the most gifted are unable to pene- 
trate. It stands the work of an Almighty and Etenud 
mind, the beginning of which we cannot comprehend, 
nor can we define the period of its termination. 

It may, probably, be safe to speoulate that tfa^re was 
aK tune when this globe conra^ed of only one homo- 
geneous stratum. Whether this remains, — whether, in 
our plutonie rocks, our gramtei^ or our porphyries, we 
have any indications of the primitive state of the world, 
<nr whether numerous changes took place before even our 
unstratified formations had birth, are questions we 
cannot, answer. The geologist looks back into the vista 
of time, and reckons, by phenomena, the progress of the 
world's mutations. The stratified formatiims must 
have ooenpied thousands of ages ; but before these were^ 
dming a period extending over countless thousands, the 

* Pnlimnary Discourse: Sir J, F. W. HerscheL Lardner's 
Cabinet Gydepnclia. 
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unatratified roeks may have been yariously metamor* 
phosed. It matters not whether we admit the nebular 
hypothecs or not, — atimemuat have been when all these 
bodies which now form the mass of this globe existed in 
the most simple state. We have already shown that 
yery remarkable changes in external character and in 
ohemical relations are induced, in the same simple 
element, by its having been exposed to some pecuHar 
and different conditions ; and already have we speculated 
on the probability that the advance of science will enable 
us to reduce the numerous elements we now reckon, to 
two or three. It is, therefore, by no means an irrational 
thought (which must, however, be held in the light of a 
pure ocmjecture), to suppose that at the beginning a 
mighty mass of matter, in the most attenuated sAsAe, was 
produced in space, and was gradually, under the in* 
fluenoe of gravitation, of cohesive force, and of chemical 
aggregation, moulded into the form of a sphere* 
Ascending to the utmost refinement of physics, we may 
suppose that this mass was of one uniform character, 
and that it became in dissimilar parts-^its sm&oea and 
towards its centre— differently ccmstituted, under the 
influences of the ^me powers which we now find pro- 
ducing, out of the same body, charcoal and the diamond, 
^d creating the multitudinous forms of organized 
creations. These ccHiditions being established, and 
carried to an extent of which, as yet, science haa 
horded us no evidence, chemical intermixture may have 
taken place, and a new series of compounds have been 
formed, which, by again combining, gave rise to another 
and more complex class of bodies. 

The foundation of the superficial crust of the earth 
appears to be fonnad of a class of rocks which have 
resulted firom the slow cooling of an immense mass of 
heated matter. These rocks have been called igneous ; 
but are now more generally termed Plutonic (such as 
granites, syenites, &c.) Immediately above these, we 
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find rodks which have resulted hy dqnsition from 
water. These masses^' having been exposed to the action 
of the heat below, have been considerably changed in 
their character, and hence they are often called meta- 
morphic ; but metamorphic rocks may, however, be of 
any age. The rocks formerly term^ the tranaiivm 
series — ^firom their forming the connecting link between 
the earlier formations — ^are now, from the circnmstanoe 
of their being fossiliferons, classed under the general 
term of palseozoic rocks, to distinguish them from the 
rocks in which no organic remains have been found. 
Above these are found the secondary strata, and, still 
more recently produced, we have a class now usually 
denominated the tertiary formations. ** Eternal as the 
hills'' is a poetic expression, implying a long duration; 
but these must, from the nature of things, eventually 
pass away. The period of time necessary for the dis- 
integration of a granite hill is vastly beyond the powers 
ci computation, according to our conception of the 
Ordinary bounds of finite things. But a consideration 
of the results of a few years, — under the influence of 
the atmosphere and the rains, — ^as shown in quantity of 
solid matter carried off by the rivers, and. deposited at 
their mouths, will tend to carry conviction to eveiy 
mind, that a degrading process is for ever in action on 
the surface of the earth. The earth itself may be 
eternal, but the surface is continually undergoing mu- 
tation, from various causes, many of which we must 
briefly consider.* 

In regarding geological phenomena, the absence of 

* Geological Researches; by Sir Henry De la Beche, C.B. 
{Degradatum of MountatMy p. 167.) Geolopical Manual, p. 184. 
Principles of Geohgy : by Sir Charles Lyell, 7th Edition, p. 
150, 686. On the Denudation of South Wales, and the adjarent 
countries of England; by Professor Andrew Bamsay; Memoirs 
of the Geological SnrTey and Museum of Practical Geology^ 
Yol. i. p. 297. 
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any fossil remaSsm has qAen been supposed to mdioate a 
period previoiis to any organic formationa, l%e inor- 
ganic constituents of matter are probably of prior origin 
to tbe organic oombiiiatians ; tbe Tessdl was eonitru4^^ 
upon whidht the organic creatioii was to float in ^aee 
before any vital organisms were cEeated. Thevoqpposed 
evideonoes in fkyowr of the assumption that there was \]0 
cuganie life during tiie formation of the oldest rodsB we 
know^ are in some Toe^ecks doubtfiil; and we con well 
understand that changes may have been induced in the 
earlier rook formations, by heat or by other powers, quite 
sufiBLcient to destroy all traces of organised fimns. It 
was long thought that phosj^oric acid was not to be 
detectedin rocks which are regarded as of igneous or^iin; 
and since this acid is peculiady a constituent of organic 
bodies, this has been adduced asaproofthattbeplutonic 
rocks must have existed previcmsly to the appearance ^^sf 
vegetable or animallife upon the syx&oe of 1^ globe. l%e 
researches of modem chemists have, however, shown thaft 
phoqfihoric aeld is to be iound in formationB of gramtic 
origin, in porphyry, basalt, and homUende Tocks.^ If^ 
there&nre, we are to r^ard thisaubsianoe as of organic 
Qi^in, tiie rational inference is against the qpccnlation ; 
but there is nomore necessity for supposing phospharw 
to be formed in Hie animal economy than in themineval 
kingdom, from iduch it will probably be fiyond the 
animal dbtained it. 

Without attempting to enter into any aoconat of ttie 
apparent progress of life over the ^ffth, it appears 
desirable that some description ahouM be given of 4he 
kinds of plants and animafe which we know to hare 
existed at different epochs. Hfe shall thus learn, at least, 

jsome of ihe prevailing characteristics of the earth during 

• 

* Fownes, On the Existence of Phosphoric Acid in Rocks of 
igneem Origin ; Pbil. Trans. 1844, p. 1^3. Nesbitt, Quarterly 
Jaumali^tki Chmmml Societf. , 
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its transitions^ and be in a better condition for applying 
our knowledge of physical power to the explanation of 
the various geological phenomena* 

Among ;the earliest races we have those remarkable 
forms^ the trilobites, inhabiting the ancient ocean. 

These <srustacea bear some resemblance^ although a 
r€ty remote one^ to the common wood-louse^ and^ like 
that animal^ they had the power of rolling themselves 
into a ball when attacked by an enemy. The eye of the 
trilobite is a most remarkable oi^an ; and in that of one 
species, Pkaeops caudaius, not less than two hundred and 
fifty lenses have been discovered. This remarkable 
optical instrument indicates that these creatures lived 
under similar conditions to those which surround the 
Crustacea of the present day. 

At the period of the trilobites of the Silurian rocks, 
all the animals contemporaneous with them had the 
organs necess&ry for the preservation of life in the 
waters. 

Next in order of time to the trilobite, the most siogular 
animals inhabiting those ancient seas, whose remains 
have been preserved, are the Cephalopoda, possessing 
some traces of organs which belong to vertebrated 
animals. There are numerous arms for locomolion and 
prehension, arranged in a centre round the head, which 
is. fiirnished with a pair of sharp, homy mandibles, 
embedded in powerful muscles. These prehensile arms 
are provided with a double row of suckers, by which the 
animal seized its prey. Of these cephalopodous ftTiiTfiAl^ 
there are many varieties, but all of them appear to be 
furnished with powers of rapid locomotion, and those 
with shells had an hydraulic arrangement for sinking 
themselves to any depth of the seas in which, without 
doubt, they reigned the tyrants. 

Passing by without notice the numerous fishes, which 
appear to have exhibited a similar order of progressicm 
to the other animals, we must proceed to the more 
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i^exnarkable period when the dry land first b^^ to 
appear. 

All the animals found in the strata we have mentioned 
are such as would inhabit the seas ; but we gradually 
arrive at distinct evidence of the separation of the land 
from the water, and the "green tree yielding seed^' 
presents itself to our attention ; not that the strata 
earlier than this are entirely destitute of any remains 
indicating vegetable srowth, but those they exhibit are 
«uch as, in aU probability, may be referred to marine 
plants. 

Those plants, however, which are found in the car* 
boniferous series are most of them distinguished by all 
the characteristics of those which grow upon the land; 
we, therefore, in the mutilated remains of v^etation left 
us in our coal-formations, read the history of our early, 
world. 

Then the reed-like calamite bowed its hollow and 
fragile stems over the edges of the lakes ; the tree-ferns 
grew luxuriantly in the shelter of the hills, and gave a 
wild beauty to the humid valleys ; the lepidodendrons 
spread themselves in mighty forests along the plains, 
which they covered with their curious cones ; whilst the 
sigillarise extended their multitudinous branches, wreath-, 
ing like serpents amongst the .luxurious vegetation, and 
embraced, with their roots (stigmarise), a most extensive. 
space on every side.* 

The seas and lakes of this period abounded with 
minute animals nearly allied to the coral animals, which 
are now so actively engaged in the formation of islands 
in the tropical and southern seas. During the ages 
which passed by without any remarkable disturbance of 

♦ On the Vegetation of the Carboniferous Period as compared with 
that 0/ the present day ; On some peculiarities in the structure of 
Stigmaria J Remarks on the Structure and Affinities of some Lejii- 
dostrohi s by Dr. Hooker; Memoirs of the Geological Survey; 
Ac., vol. ii. pp. 387, 431, 440, 
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tiie Borikce of the earth, the many bands of Buyantun 
limestone were formed by the ceaseless activity of these 
minute architects. Encrinites (creatmres in some rei^eets 
resembling star-iish) existed in yast nnmbevs in the 
oceans of this time ; and the great variety of bivBhre 
shells, and those of a spiral character, discovered in the- 
rocks of this period, show the waters of the newer palae* 
osoic period to have been instinct with life. \^ 

In the world then, as it does now, water acting on 
the dry land product remarkable changes. We have^ 
evidence of extensive districts over w£ach the most 
luxoriant vegetation must have spread for ages, — from 
ihe remains of plants in every state of decay, — which we- 
find went to form our great coal-fields. These, by some 
changes in the relative levels of land and water, became 
covered with this fluid; and over this mass of decaying^ 
organic matter, sand and mud were for ages being de* 
posited. At length, rising above the sur&oe, it becomes- 
oova:^ with vegetation, which is, after a period, sub- 
melted ; the same deposition of sand and mud again, 
takes place, it is once more fitted for vegetable grow&,. 
and thus, cycle after cycle, we see the d^ land and the^ 
water changing places with each other* This will be- 
evident to every one who will carefully contemplate a 
section of one of the coal-fields of GIreat Britain. We- 
find a stratum of coal lying upon a bed of underday, and 
above it an extensive stratum of shale or sandstcme, pro- 
bably formed by the denudation of the neighbouring 
hills ; and in this manner we have many strata of coal, 
shale, clay, ironstone, and sandstone alternating with 
each other ; the coal-formations of the South Wales coal- 
field having the extraordinary thickness of 1500 feet. 
The lowest bed of this extensive series must at one time 
have been exposed as the surface of the country. 

Ascending in the series, we have now formations of a 
more recent character, in whidi fishes of a higher order 
of organization, creeping and flying saorians, crocodiles' 
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■and lizards^ tortoiaes^ serpentsy and frogs, are faiind. 
The lias formations (a term corrupted from layers), con- 
fflsting of strata in which an argillaceous character 
preyaals, stand next in series. In these we have animals 
preserved in a fossil state, of a distinguishingly different 
character from those of the inferior strata. We meet 
with extended beds of pentaerinites, some inches in 
thickness; and their remains are often so very complete 
that every part of the skeleton can be made out, although 
so complicated that it cannot consist of less than 150,000 
parts. In these formations we often find the curiously 
beautiful remains of the ammonites, of which a great 
variety have been discovered. Of the belemnite*— 
animals furnished with the shell and the ink-bag of the 
cuttle-fish, with which it darkened the water to hide 
itself from enemies, numerous varieties have also been 
disentombed, with the ink-bag so well preserved, that 
the story of the remarkable fossil has been written with 
its own ink. In addition to these we find nautili ; and 
sixty species of extinct fishes have been described by 
Agassis firom the lias of Lyme Regis alone. 

When these rocks were in the pn^ress of formation^ 
there existed the ichthyosaurus, or fish-lizard, which 
appears, in many respects, to have resembled the croco- 
dile of the NUe. It was a predatory creature of enor- 
mous power, and must have been the tyrant and terror 
of the seas which it inhabited. Its alligator-like jaws^ 
its powerful eye, its fish-like finsj, and turtle-like paddles, 
were all formed to fSEicilitate its progress as a destructive 
minister. The plesiosaurus was, if possible, a still more 
€xtraor(3dnary creation. To the h^id of a lizard was 
united an enormously long neck, a small and fish-like 
body, and the tail of a crocodile : it appears formed for 
existence in shallow waters, so that, when moving at 
the bottom, it could lift its head above the surface for 
.air, or in search of its food* The flora of this period 
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inust Have been extensiye ; and it resembled the vegets- 
tion which exists at present in Tropical regions. 

We pass now to a new epoch, which is well distm- 
guished by its animals from aU that had preceded 
it. Races of reptiles still have place upon the earth, 
and we have now the megalosaurian remains; these 
animals possessing a strength and rapacity which would 
render them objects of terror as well as astonishment, 
could they be restored to the world which they once 
ravaged. An enormous bat-Hke creature also existed 
at this time — ^the pterodactyl — ^which, in the language 
of Cuvier, was, '^ undoubtedly, the most extraordinary 
of all the beings of whose former existence a knowledge 
is granted to us, and that which, if seen alive, woidd 
appear most unlike anything that exists in the present 
world.'* " You see before you,'' says the same writer, 
" an animal ^Mch, in aU pointe of Lnj structnre, from 
the teeth to the extremities of the naOs, presents the 
well-known saurian characteristics, and of which no one 
can doubt that its integuments and soft parts, its scaly 
armour and its organs of circulation and reproduction, 
are likewise analogous. But it was, at the same time, 
an animal provided with the means of flying ; and, when 
stationary, its wings were probably folded back Kke 
those of a bird, although, perhaps, by the claws attached 
to its fingers, it might suspend itself from the branches 
of trees."* 

From the disintegration of the older rocks have no 
doubt arisen those formations which are known as the 
oolitic series. In these strata are preserved the remains 
of plants and animals more resembUng those which now 
exist upon the earth ; and, for the first time, — ^unless 
the evidence of the footstq>s of birds on the new red 

* See Owen, Quarterly Journal of the Geological Society, No. (K 
p. 96. Dr. Buckland, Geological Transactions, vol. iii. p. 220 
The Wonders qf Geology : by Dr. Mantell, vol. ii. p. 493. 
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sandstone of America be accepted^ — rwe meet ynth, the 
remains of the feathered tribes. 

In these formations we discover animals belonging to 
the class Mammalia^ — ^the amphitherium and the phas- 
colotherium^ — ^which appear to have resembled^ in many 
respects^ the marsupial animals of New Holland.* 

The wealden formations^ which are the next in order 
of position^ are a series of clays and sands^ with sub- 
ordinate beds of limestone^ grit^ and shale. These have^ 
in some instances^ been formed in the sea ; but they are 
usually regarded as fresh-water deposits. All the older 
rocks bear evident marks of marine origin^ unless some 
of the coal-measure strata may be regarded as other- 
wise; but nearly all the wealden series contain the 
remains of land^ fresh-water^ and estuary animals^ and 
of land vegetables. The creatures which we discover, 
preserved, to teU the history of this period, are nume- 
rous, and have marked pecuharities to distinguish them 
from those already described, or from any now existing 
on the earth. We find land saurians of a large kind, 
and animals of all sizes ; even insects, of which a great 
variety are found in the wealds. The remarkable 
iguanodon was an animal which, even by the cautious 
measurement of Professor Owen, must have been at 
least twenty-eight feet long ; and this enormous creature 
was suspected, by Cuvier, and has been proved by Owen, 
to have been an '^herbivorous saurian for terrestrial 
life.^'t I^i** ManteU calculates that no less than seventy 
individuals of the iguanodon of all ages have come 
under his notice ; and the bones of a vast number of 
others must have been broken up by the workmen in 

* Report on British Fossil Mammalia : by Bichard Owen, Esq., 
F.R.S. ; British Association Reports, vols. xi. xii. 

f Notice on the Iguanodon, a vewly discovered fossil reptile from 
the sandstone tf Tihate Forest, in Sussex : by Gideon Mantel!, 
Esq , F.R.S., &c. ; Philosophical Transactions, vol. cxv. p. 179« 
On the Structure of Teeth, 4-0. ; by Professor Owen. 
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flie few qnanriflB of Tilgafee grit ; so that these ere alim» 
were by no means rare at the period of their existe&oe.^ 

The ufqpermost of these seccmdaiy fonnations is the 
GTctaceona or chalk groap, which spreads over a Lirge 
portion of soath-eastem England^ and is met with in dl 
parts of Europe. This chalky which is a carbonate of 
Ume^ appears to have been slowfy precipitated from 
tnmqml water, as, according to Sir Henry De la Beche, 
oiganic remains aone beautiftdly preserved in it. Sub- 
stances of no greater solidity ttum common sponges 
retam their forms, delicate shells remain tmhrt^n, &h 
even are freqnentiy not flattened, and altc^etfacar we 
banFe the ^ipearances which justify ns in eendnding 
tint, smce these organic exuvise were entombed, they 
have been protected from pressure by the consolidation 
of the rode around them.t 

Beneath the chalk exists what has been called, from 
ite odour — derived from a riUcate of Ihe pvotoxide of 
iron, — ^green sand, and was^ no doubt, formed by depo- 
sition from the same water in which ihe carbonate of 
lime was suspended, — tiie green sand fidKng to the 
bottom more readily from its greater specific gravity. 
'' The tranquillity/' observes Sir Henry De la Bedv^ 
''which seems to have prevailed during tiiis great 
aoeumnlation of siliceo-calGareous matter, whether it 
may have been a deposit from water, in whidh it Was 
medumically susqpended, partly the work of living 
cnatures, or in a great measure chemical, is very 
rBmarkable/':^ 

In the chalk, the remains of the leaves of dicotyle- 
donous plants and fragments of wood are found moa^e 
abundantly than in the earlier strata^ many of which 

* Dr. Mantell, Wondertt of Geology. Geology of the South-etttt 
qfEngUmd. 

■' f Qe^logkml Researcheej Geological Maxmal: by Sir Heniy 
Thos. De la Beehe, C.B., ^ 

: Ibid. 


SUB8TITOTION OW 8U.ICA. 315 

4ire marked with tlie perforations of manBe worms^ 
indicating that they had floated for some time in the 
ocean. It should^ however, be remembered, that these 
are not the first indications of y^etable life, — ^leavea 
have been found in the new r^ sandstone; and the 
flora of the coal formation must not be forgotten. The 
manner in which silica ha& deposited itself on organic 
bodiesr^such as the sponges— is carious; the whole of 
the organized tissue being often removed, and flinl^ 
having taken its place. Flints formed by sudi a process 
as this abound in the upper chalk. The association of 
carbon and silicon, combined with oxygen, as we find 
them in the cretaceous formations, is most interesting, 
and naturaUy gives rise to some specuktion on the 
relation of these two elements. Both carbon and 
^con, as has been already shown, exist in several 
allotropic conditions; and, although the statements 
made by Dr. Brown relative to the conversion of carbon 
into sihcon are proved to be grounded on experimental 
esnor, it is not improbable that a very intimate relation 
may exist between these elements.* The probability is* 
that the sponge animal has the power of s^oeting 4c^ 
to give strength to its form. ^^Many species,'' says 
Bymer Jones, speaking of recent sponges, '' exhibiting 
the same porous structure, have none of the elasticity of 
the officiiiuBl sponge — a circumstance which is due to ihfi 
difference observable in the composition of th^ 
^eletons or ramified frame-woik. In such the living 
crust forms within its substance not only tenacious 
haadB of animal matter, but great quantities of cryatal. 

• 

* Ewperimenial Researches on the production of Silicon from 
Paracpanopen : bv Samuel Brown, M.D. ; Transaetions of thd 
Bojal Society of iBcUnbargb^ vol. xv. p. d29. Experiments on the 
-alleged conversion of Carbon into Silicon : by R. H. Brett, Fh.D., 
and J. Denham Smitb, Esq. ; Fhilosopbical Magazine, vol. six 
p. 295, New Series. See also Dr. Brown's reply to the above, 
ibid, p. 388. 


810 EOCSNE^ MIOCENE, AND 

lised spicula^ sometimes of a calcareous^ at others of a 
siliceous, nature/^ Thus, a firame of siliceous matter 
being formed by the living animal, a deposition of the 
same substance is continued after death. 

Sea-urchins and star-fish, and numerous fossil shells, 
are found in these beds, which, however, differ materially 
from the remains of the same animals found in the 
earlier formations. A vast number of new species and 
genera of fish are also discovered in the chalk. 

Nearly all the animals and plants which existed up to 
this period axe now extinct, although they have some 
imperfect representatives at the present day. 

The uppermost group, which has been called the 
supercretaoeous or tertiary formation, appears in our 
island to have been formed during four great eras, as 
we find fresh-water deposits alternating with marine 
ones. The term eocene, which is the first or oldest 
deposit ; miocene, which is the second ; pliocene, which 
is the third ; and the newer pliocene, which is the fourth 
and last, have been applied to these formations, the 
names referring to the respective proportions of existing 
species found among their fossil shells.* 

All these formations show distinct evidence of their 
having been deposited from still or slowly-flowing deep 
waters. Thus the eocene appears in the Paris basin, — 
fcxrmed clearly at an estuary, in which are mingled some 
interesting fresh-water deposits; — ^in the lacustrine 
formations in Auvergne ; also at Aix ; and in the north 
of Italy. It appears probable that, in the formations 
generally termed eocene, both fresh-water and marine 
deposits have been confounded, and several formations 
of widely-different eras r^irded as the result of one. 
We have not yet been furnished with any distinct and 
clear evidence to show that the deposits of the Pans 

* Geology^ Introductory^ Descriptive^ and Practical i by Prof 
Ansted, vol. ii. p. 22. 
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basin^ and those of AuTergne^ are of the same age. 
At all events^ it is sufficient for onr present purpose to 
know that they are the result of actions which are now 
as general as they were when the plastic day of Paris, 
' and its sulphate of lime, or the London clay, were slowly 
deposited. 

As a general conclusion, we may decide that, at the 
eocene period, existing continents were the sites of vast 
lakes, rivers, and estuaries, and were inhabited by quad- 
rupeds, which lived upon their thickly-wooded margins. 
Many remains, allied to those of the hippopotamus, have 
been found in the subsidences of this period. 

Examples of the miocene or middle tertiary era are 
to be found in Western France, over the whole of the 
great valley of Switzerland, and the valley of the Danube. 
In these deposits we find the bones of the rhhioceroB, 
elephant, hippopotamus, and the dinotherium, an extinct 
animal, possessing many very distinguishing features.* 

The pliocene period has been termed the age of 
elephants, and is most remarkable for the great mas- 
todons and gigantic elks, with other animals not very 
unhke those which are contemporaneous with man. 

In the superficial layers of the earth, the diluvium, 
alluvium, peat and v^etable soil, we have a continuation 
of the history of the mutations of our globe and of its 
inhabitants, which has beenhereso brieflysketched. They 
bring us up to the period when man appeared in the 
world, since whose creation it is evident no very exten- 
sive change has been produced upon the surface. We 
have viewed the phenomena of each great epoch, marked 
as they are by new creations of organized beings, and it 
would appear as if, through the whole series, from the 

* The Wonders of Otology : by Dr. Mantell, vol. i. p. 162. 
Bridgewater Treatise : by Dr. Buckland. Dr. J. J. Kemp, and 
Dr. A. y. Klipstein, On the Dinotherium; Darmstadt, 18«%. 
Ouvier and De Blainville have also carefully described tbo fossil 
remains of this animal. 
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primarjr rocks up to die modem alluvial deposits^ a pro- 
gremTe'improfement of the earth's surface had been 
effected^ to fit it at last for the abode of the human 
race. 

Thus have we preserved for us^ in a natural manner^ 
evidences which^ if we read them aright^ must convince 
us that tiie laws by which creation has ever been r^u- 
lated are as constant and unvarjring as the Eternal mind 
by which they are decreed. Our earthy we find, by the 
records preserved in the foundation-stones of her moun- 
tains^ has existed through obuntless ages, and through 
them all exhibited the same active energies that prevail 
at the present moment. By precisely similar influeoces 
to those now in operation, have rocks been formed, 
uriiich, under like agencies, have been covered with 
vegetation, and sportdl over by, to us, strange varieties 
<xf animal life. Every plant that, has grown upon the 
earliest rocks which presented their faces to the life- 
giving sun, hsB had its influence on the cmbsequent 
changes of our planet. Each trilobite, each saurian, 
and every one of the mammalia which exist in the fossil 
«tate, have been small laboratories in which the great 
work of eternal change has been carried forward, and, 
under the compulsion of the strong laws of creation, 
they have been made ministers to the great end of form- 
ing a world which might be fitting for the presence of a 
creature endued with a spark taken firom the celestial 
flame of intellectual life. 

For a few moments we will return to a consideration 
of the operations at present exhibiting their phenomena, 
and examine what bearing they have upon our know- 
ledge of geolc^cal formations. 

During periods of immense, but unknown, duration, 
the ocean and the dry land are seda to have changed 
their places. Enormous deposits, formed at the bottom 
•of the sea, are lifted by some mechanical, probably 
Tolcanic, force, above the waters, and the land, like the 
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ocean Bnrrouiidiiig it^ teems with life. This state ot 
things lasts for ages; btit the time arriyes when the 
ocean again floods the land, and a new state of thii^, 
ora- a particular district, has a beginning. 

It must not be imagmed that the changes which wehare 
spoken of, as if they were the result of slow decay and 
gradual deposit, were effected withcmt occasional violent 
conTulsions. Many of the strata which were evidently 
deposited at the bottom of the sea, and, of course, aa 
horizontal beds, are now found nearly vertical. We^ 
have evidence of strata of immense thidcness having^ 
been subjected to forces that have twisted and contorted 
them in a most remarkable manner. Masses of solid 
rock, many thousand feet deep, are frequently bent and 
firactored throughout their whole extent. Mountaina- 
have been uphwived by internal force, and immenae 
distncts have suddenly sunk far below their usual leveL 
By the expansive force due to that temperature whieh 
must be required to melt basaltic and trap rodos, the: 
whole of the superficial crust of a country has been 
heaved to a great height, immense fissures have been 
formed by the breaking of the mass, and the melted 
matter has been forced through the opening, and over- 
flowed extensive districts, or volcanoes have been formed,, 
and wide areas have been buried under the ashes ejected 
from them. With the cause of these convulsions we^ 
are at present unacquainted. 

We have evidence of the extent to which these forces- 
may be exerted, in the catastrophes which have occurred 
within historical times, and which have haj^ned even 
in our own day. Herculaneum and Pompeii, buried 
under the lava and ashes of Vesuvius, in an hour when 
the inhabitants of these cities were unprepared for such 
a fearM visitation, — ^the ficightful earthquakes which 
have, firom time to time, occurred in South America- 
are evidences of the existence of hidden forces which 
shake the firm-set earth. Similar ravaging catastrophes- 


830 CLIMATE DEFBMDENT ON THE 

may have often occurred^ and^ inFolviiig catadyams, 
swept the sarlaee to produce the changes we detect over 
every part of the earth, compared with which the earth- 
quakes and floods of history are but trivial things. 
£videnoe has been adduced, to show that the mountains 
of the Old World may have approached in height the 
highest of the Andes or Himalayas, and these have not 
been destroyed by any sudden effect, but by the slow 
disintegrating action of the elements.* All these 
phenomena are now in progress: the winds and the 
rains wear the faces of the exposed rock ; their debris, 
mixed with decayed vegetable and animal matter, are 
washed off from the siuface, and borne away by the 
rivers, to be deposited in the seas. Thus it is that the 
great delta of the Ganges is formed, and that a continual 
iniarease of matter is going on at the- mouths of rivers. 
The Amazon, the Mississippi, and other great rivers, 
bear into the ocean, daily, thousands of tons of matter 
from the surfiioe of the earth.f This is, of course, de- 

♦ See Professor Ramsay's memoir On Dewmdatum: Memoirs 
of the Geological Surrey of Grreat Britain. 

f " The distances to which liver water, more or less charged 
with detritus, would flow over sea water, will depend upon a variety 
of ohvious circumstances. Captain Sahine found discoloured water, 
supposed to he that of the Amazons, three hundred miles distant 
in toe ocean Ax>m the emhouchure of that river. It was about 
126 feet deep. Its specific gravity was = 1*0204, and the specific 
gravity of the sea-water = 10262. This appears to be the 
greatest distance from land at which river water has been detected 
on the surface of the ocean. If rivers, containing mechanically 
suspended detritus, flowed over sea-water in lines which, in general 
terms, might be called straight, the deposit of transported mattei* 
which they carried out would also be in straight lines. If, 
however, they be turned aside by an ocean current, as was the 
case with that observed by Gaptiiin Sabine, the detritus would be 
thrown, and cover an area corresponding in a great degree with 
the sweep which the river has been compelled to make out of the 
course, that its impulse, when discharged from its embouchure^ 
might lead it to take : supposing the velocity with which this river- 
water was moving has been correctly estimated at about three 
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posited at the bottom of the sea^ and it must^ in the 
process of time^ alter the relative levels of the ocean 
and the land. Islands have been lifted by volcanic 
power from the bottom of the sea, and many districts 
in South America have been depressed bj the same 
causes. 

Changes as extensive have been^ in all probability^ 
effected by forces " equally or more powerful, but acting 
with less irregularity, and so distributed over time as to 
produce none of those interregnums of chaotic anarchy 
which we are apt to think (perhaps erroneously) great 
disfigurements of an order so beautiful and harmonious 
as that of nature.'^'i' These forces are, without doubt^ 
even now in action. 

Had it not been for these convulsive disturbances of the 
surface, the earth would have presented an almost uni-* ' 
form plain, and it would have been ill-adapted for the 
abode of man. The hills raised by the disturbances of 
nature, and the valleys worn by the storms of ageS| 
minister especially to his wants, and afford him the 
means of enjoyment which he could not possess had the 
surface been otherwise formed. The " iced mountatn 
tops,^' condensing the clouds which pass over them, send 
down healthful streams to the valleys, and supply the 

miles per hour, it is not a little curious to consider that the agi^ 
tation and resistance of its particles should be sufficient to keep 
finely comminuted solid matter mechanically suspended, so that it 
would not be disposed freely to part with it, except at its junction 
with the sea-water over which it flows, and where, from friction» 
it is sufficiently retarded. So that a. river, if it can preserve a 
^ven amount of velocity flowing over the sea, may deposit no 
very large amount of mechanically suspended detritus in its course 
from the embouchure, where it is ultimately stopped. Still, how- 
ever, though the deposit may not be so abundant as at first sight 
would appear probable, the constant accumulation of matter, how* 
ever inconsiderable at anv given time, must produce an appreciable 
effect during the lapse of ages."~Sir Henry De la Beche's Geth 
logical Researches, p. 7S. 
* Sir J. F. W. Herschel : Prelimnary Treatise. 
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apoemgB of tbe earthy thus seouring the fertilify aad 
nlttbrity of the distant phuBB. Theseverities of climate 
are mitigated by theae conditioiis^ and both tiie feoifis^ 
of the tropics and those dwelling near the poles are 
equally benefited by them. 

Orayitation^ cohesion^ motion^ chemical force^ heat, 
and dectricity^ must, £rom that hypothetical time when 
the earth floated a cloud of nebulous vapour/ in a state 
of gradual cmidensation up to the present mom^oiy have 
been exercising their powers, and regulating the muta- 
tians of matter. 

When the dry land was beneath the waters, aaad when 
darkness was upon the face of the deep, the same great 
operaticms as those which are now in progress in the 
diepths of the Atlantic, or in the still waters of our 
inland lakes, were in Ml activity. At length the dry 
land appears; and — mystery of mystmes — it soon 
becomes teeming with life in all the forms of v^^etaUe 
IMid animal beauty, under the aspect of the beams of a 
glorious sun. 

Qeology teaches us to r^ard our portion upon the 
earth as one &t in advance of aU former creatioi». It 
bids us look back through the enormous vista of time, 
and see, shining still in the remotest distance, tiie light 
which exposes to our vision many of nature's holy 
wonders. The elements which now make up this 
strangely beautiful fabric of muscle, nerves, and bone,, 
have passed through many ordeab, ere yet it became 
fashioned to hold the human soul. No grain of matter 
has been added to the planet, sinee it was weighed in a 
balance, and poised with other worlds. No grain of 
matter can be removed from it. But in virtue of those 
forces which seem to originate in the sun, *^ the soul of 
the great earth,'' a succession of new forms has been 
produced, as the old things have passed away. 

Under the forces we have been considering, acting as 
so many contending armias^ matter passes from one 
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condition to another^ and what is now a living and a 
breathing creaturei or a delicate and sweetly-scented 
flower^ has been a portion of the amorphons mass which, 
once lay in the darkness of the deep ocean^ and it will 
again^ in the progress of time^ pass into that condition 
where no evidences of organization can be founds ^-again^ 
perhaps^ to arise clothed with more exalted powers than 
even man enjoys. 

When man places himself in contrast with the Intelli* 
gences beyond him^ he feels* his weakness; and the 
extent of power which he can discover at work, guided 
by a mysterious law, is such, that he is dwarfed by its 
immensity. But looking on th6 past, surveying the 
progress of matter through the inorganic forms up to 
the higher organizations, until at length man stands 
revealed as the chief figure in the foregroimd of the 
picture, the monarch of a world on which such elaborate 
care has been bestowed, and the absolute ruler of all 
things around him, he rises like a giant in the conscioas 
str^igth of his far-searching mind. That so gveat, 
so noble a being, should suffer himself to be degraded by 
the sensualities of life to a level with the creeping things^ 
upon which he has the power to tread, is a lamentable 
spectacle, over which angels must weep. 

The curious connection between the superstitions of 
races, the traditionary tales of remote tribes, and the 
developments of the truths of science, are often of a 
very marked character, and they cannot but be regarded 
as instructive. In the wonders of " olden time'' fiction 
has ever delighted ; and a thousand pictures have been 
produced of a period when beings Uved and breathed 
upon the earth which have no existence now. 

Hydras, harpies, and sea-monsters, figure in the myths 
of antiquity. In the mythology of the northern races 
of Europe we have fiery flying dragons, and Poetry has 
placed these as the guardians of the " hoarded spirit'* 
And protectors of the enchanted gold. 

AA 


S54 KlfOWIiSIMSK OiP VOBMCX 

Thioogh the wbole of the ixnnance period of Ei^ 
Uteratiire^ ngthmg fignreB bat aerpeats^ ^^wkite and 
xeA" toilbig and fighting undeigioYmd, — 4hiiB {vodMiig- 
eazihquakeB^ as in the story of Merlin and the building' 
of Stonehenge. Hying monsters, griffins and othora,. 
ifhidi now live only in the meaningless ^nbellishmeBls- 
ftf henddiy, appear to hate been conceived bj iheeailiBr 
races of men as the representatives of power. Cnrions* 
is it, too, to find the same cbss of ideas prerailing in 
the East. Hie monster dragons of the Chinese, blaxoned 
on their standards and omameQting their temples; — 
the Buddaical superstition that the world is supported 
on a vast elephant, whidi stands on the back of a tor» 
toise, which again rests on a serpent, whose movements, 
jnrodnce earthquakes and violent convnhdcms ; — the rude* 
decorations also of the temples of the Asstecs, whieh 
have been so recently restored to our knowledge by the- 
advaiturouB travellers of C^atral America^— all giv& 
expression to the same mythological idea. 

Do not these indicate a faint and shadowy knowledge 
of a previous state of organic existence? The prooess 
of communion between man of the present^ and the- 
creations of a former worid, we know not; it is 
mysterious, and for meat lost to us. But even the ipost 
ignorant and uncultivated races of mankind have figured 
for themselves the images of creatures which, whilst 
they do really bear some resemblance to things which, 
have for ever passed away, do not, in the remotest 
d^ree^ partake of any of the peculiarities of existing- 
creations. 

The ichthyosaurus, and the plesiosauros, and the 
pterodactylus, are preserved in the rude images of 
harpies, of dragons, and of griffins; and, althou^ the 
idea of an elephant standing on the back of a tortoise 
was often laughed at as an absurdity. Captain Cautley 
and Dr. Falconer at length discovered in the hills of 
Asia the remains of a tortoise in a fossil state of such a. 
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«e tkst an elephant erald easily Imve performed the 

Of tlie ammoBites^ we have more exaet evidence ; 
tib^ vere obserred bjr our fore&thers^ and ealkd fay 
than snak&^stoiies. Acdofding to the legends of Catho- 
lic sabitB ihey were ccHisidered as possessing a sacied 
diaracter:— 

" Of these and snakes* each one 
Was changed into a coil of stone 
When holy Hilda prayed." 

And in addition to this petrifying process^ one of 
decapitation is said to hare been ^ected; hence the 
reason why these Moke-^iones have no heads. 

We also find^ in the northem districts of onr island^ 
that the name of ^' St. Cuthbert^s beads'* is applied to 
the fossil remains of encrinites. 

Thus we leani that, to a great extent, fiction is 
dependent npon troth for its creatioiis; and we see that 
when we come to investigate any wide-spread popular 
superstition, although mudi distorted by the medium of 
error through which it has passed, it is frequently 
founded upon siMne fragmentary troth. There are float- 
ing in the minds of men certain ideas which are not the 
result of any associations drawn from things arotmd; 
we reckon them amongst the mysteries of our being. 
May they not be the truths of a former world, of which 
we receive the dim outshadowing in the present, like the 
faint lights of a distant Pharos, seen through the mists 
of the wide ocean? 

Man treads upon the wreck of antiquity. In times 
which are so long past, that the years between them 
cannot be numbered by the aids of our science, geology 

* Fauna Antiqua Sivalensis, Being the Fossil Zoology of the 
Sewalik Hills in the North of India : by Hugh Falconer and Proby 
T. Cautley. 1844. 
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teaches us that forms of life existed perfecily fitted lor 
the conditions of the period. These performed their 
offices in the great work ; they passed away^ and others 
succeeded to carry on the process of building a world 
for man. The past preaches to the present, and firom 
its marvellous discourses we venture to infer something 
of the yet unveiled future. The forces which have 
worked still labour : the phenomena which they have 
jffoduced inll be repeated. 

Ages on ages slowly pass away, 
And nature marks their progress by decay. 
The plant which decks the mountain with its bloom. 
Finds in the earth, ere long, a damp dark tomb : 
And man, earth's monarch, howe'er great and brave— 
. Toils on*— to find at last a silent grave. 
The chosen labours of his teeming mind . 
Fade by the light, and crumble 'neath the wind ; 
And e*en the hills, whose tops appear to shroud 
Their ffranite peaks deep in the vapoury cloud. 
Worn by tempests — ^wAsted by the rains. 
Sink slowly down to fill wide ocean's plains. 
The ocean's breast new lands again display. 
And life and beauty drink the light of day : 
The powers wbich work at great creation's wheel. 
Will from the wrecks of matter still reveal 
New forms of wondrous beauly — which will rise 
Pure as the flame of love's youns; sacrifice, 
Beaming with all the pristine hues of youth, 
Bobed by the day, ana crowned by holy truth. 
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' CHAPTER XIV. 

PHENOMENA OF VEGETABLE LIFE. 

Psychology of Flowers — Progress of Matter towards Organiza- 
tion — ^Vital Force-*Spontaneou8 Generation-— The Vege- 
table Cell — Simplest Development of Organization — The 
Crystal and the Cell — ^Primitive Germ — ^Progress of Vege- 
tation— 'Influence of Light— Morphology— Germination- 
Production of Woody Fibre — Leaves— ChloropbyUe — De- 
composition of Carbonic Acid — Influence of Ligbt, Heat» 
and Actinism on the Phenomena of Vegetable life — Flowers 
and Fruits — Etiolation — Changes in the Sun's Rays with the 
Seasons — Distribution of Plants — Electricjd and Combined 
Physical Powers 

The variety of beautiful forms which cover the surface 
of this fifphere^ serve^ beyond the physical purposes to 
which we have already alluded^ to influence the onind^ 
and give character to the inhabitants of every locality. 
There are men who appear to be dead to the mild 
influences of flowers ; but these sweet blossoms — ^the 
stars of our earth — exert a power as diffusive as their 
pervading odours. 

The poet tells us of a man to whom 

The primrose on the river^s brim 
A yellow primrose was to him. 
And it was nothing more. 

But it wa9 something more. He, perhaps^ attended not 
to the eloquent teaching of its pure^ pale lefives: he 
might not ha^ been conscious of the mysterious singing 
of that lowly flower : he mighty perchance, have crushed 
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it beneath his rude foot rather than quaff the draught 
of wisdom which it secreted in its cell ; but the flower 
still ministered to that mere sensualist, and in its 
strange, tongueless manner, reproved his passions, and 
kept him '^a wiser and a better man,^' than if it 
had pleased God to have left the world without the 
lovely primrose. 

The psychology of flowers has found many students — 
than whom not one read them more deegfy thdn that 
mild spirit who sang of the Sensitive Plant, and in 
wcxadrooB musie foreshadowed his own melaadnd^r 
fate.* That martyr to sensitaility, Keats, who longed to 
feel the flowers growing above him, drew tiie strong 
inspiration of his volant mu«e &om those delicate 
desdifQiDA whidi exhibit the passage of inorganic matter 
into life ; and other poets will bive their sensibilities 
awakened by the aesthetics of flowers, and flnd a mirror 
of truth in the crvstal dew-drop which clings so lovingly 
to the purple violet, and draws £resh beauties fiom its 
coloured petals. 

If we examine carefbliy all the omditicms of natter 
which we have made the subject of our studies, we 
cannot but perceive how gradual is the progress of tibe 
involved action of "die j^yaical forces, as we advance 
fiom the molecule— th^ mere particle of ma(tter*^iif to 
the Oiganic combinatioii. At flrst we detect only the 
action of cohesion in ferming the rude mass; then we 
have the influence of the crystallogenic powers giving 
a remarkable regularity to bodies ; we nesri; disoBver Ihe 
influences of heat and electrical force in determining 
condition, and of chemical action as controlled by them. 
Yet, still we have a body without organization. Light 
exerts its mysterious powers, and the same elements 
amtme an organked fevm; and, in ad^titM>n to Ae 
reicognijBed agencies^ we dimly i^ensme otlyra on 

"^ Percy Bysehe Shelley. 
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^vitality evidently depends These empyreal mfiuenoes 
became OKire xad more complicated to us : ascending in 
the acale^ they xxse b^ond our science ; and, at l^oigth, 
we find them guiding the power of intellig^Doe, while 
iniBtinct and reason are exhihited in imroediatB diepend- 
«ence upon them. 

Let it not be imagined that this view has any toadency 
to materialisnu 'Qie vital ener^ is lenarded as a 
«pmtadiatk». an4 renou as a <^ i»^^ 
l£ley wte connected with materialities^ on which th^ 
act, and by whidi they are tfaemsdves omtroUed. The 
4>rgaiiic oombinations, and the physical powers by whidi. 
these unioiis of matter are effectod and retained, have a 
•direct actkm €mx that etherea&ty which is life, and die 
powcfs of life again contivl these more material ibrees.. 
The spirit^ in whatever state, when connected with ma^ 
ter, is, like Fromethena chahied to his rock, in a constant 
^Arnggle to escape from its shackles^ and assert the liill 
power of fits dirane atrengtiu 

We have seen variety enough in the substances whidi 
make up the inorganic part of creation; but infinitely 
more varied are the forms of oiganiasation. In the 
-vegetable woiM whichis immediacy wound us, from 
the green slime of our marshes to the lustrous flowers 
of our gardens and the lordlv trees of our fiorests, what 
an extcaordinary diversity of form is apparent I ¥xom 
ihe m&UBorta of an hour, to the gigantic dephant roam* 
ing in his greatness in tiie forests of Sian^-^e noUe 
Jiion o£ the caves of S^iegal — the m^ty ccmdor of the 
Andes — and onward to man, the monardi d them all, 
how vast ai^ the diffatenoes, and yet how complete are 
they in their respective conditions ! In the cieation we 
"have examined, we have had conclusive evidence, that 
from the combination of a/oMt every peculiar form has 
%een produced. In the creation we are about to 
examine, we shall discover that all the immense diversity 
4of form, of colour, and condition which is qsread over 
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tlie world in the vegetable and animal kingdoms^ results 
from the combination of cells. The atom of inoi^anic 
nature becomes a cell in organic creation. This ceU 
must be regarded as the compound radical of the chemist, 
and by decomposing it^ we destroy the essential d^ement 
of organization. 

With the mysterious process by which the atom is 
converted into a cell^ or a compound radical^ we are un- 
acquainted ; but we must regard the cell as the organic 
atom. It is in vain that the chemist or the-physiologist 
attempts to examine this change of the inoi^anic elements 
to an organized state ; it is one of the mysteries of 
creation, which is to be, in all probability^ hid £rom oar 
eyes, until this '' mortal coil'^ is shaken off, and we 
enjoy the full powers of that intelligence whidi we 
are promised we shall enjoy in an immortal state. 

Again and again has the attention of men beai 
attracted to the generatio aquivoca ; they have some- 
times thought they have discovered a generatio primitiva 
or spontanea; but a more carefal examination of these 
organisms has shown that an embryo existed — a real 
germination has taken place. 

Count BumfordjI stated that threads of silk and 
wool had the power of decomposing carbonic acid 
in water in the sunshine; and hence some have re- 
ferred organization to a mere chemical change pro- 
duced by luminous excitation ; and we have heard of 
animal life resulting &om ]>ounded siliceous matter. Alt 
such statements myxst be regarded as evidences of imper- 
fect investigation. 

Dr. Carus, alluding to the experiments of Oruithuisen, 
Priestley, and Ingenhousz,t says : — ^These show, more 

♦ Esiperimenig on the prodeetum of dephtoj^tieaied air Jrom 
water with various iubstaneesi by Lieut-General Sir BeDJamin, 
Count of Eumford ; Phil. Trans., vol. Ixxvii. p. 84. 

f Experinunts upon Vegetables, discovering their great power of 
purifying the common air in the Sunshine, and qf injuring it in the 
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than any other experiments^ thaty in the purest water, 
under the influence of air, Hght, and heat^ beings are 
formed, which, osciUating as it were between the animal 
and the plant, exhibit the primitiye germs of both king-* 
dome/'* Treviranust repeated, and appeared to con- 
firm these results ; but in these exp^^nments we have no 
evidence that the germ did not previouslj exist in the 
spring-water which was employed. 

Some have regarded the cell as a crystal ; they see 
the crystal forming, by the accumulution of atoms, into 
a fixed form, under the influence of an ''mner life;'' 
aud^ advancing but a step, they regard the cell as the 
result of an increased exercise of the physical in- 
fluences, it We have referred crystalline form to certain 
magnetic conditions ; and it is evident that the atomic 
cell is influenced by similar forces ; but if we place a 
crystal in its natural fluid, though it increases in size, it 
nevel* alters in form : whereas, if we examine a cell in 

Shade and at Night j to which i$ joined^ A new method of examining 
the^accuruie degrees of Stdubritg of the dtmomthere, by John Ingen- 
bousz, Councillor of the Court, and Body Physician to their Im* 
perial and Eoyal Majesties, F.R.S., &c. London : printed for P. 
Elmsley, in the Strand, and H. Payne, Pall MaJI, 1779. 

* The Kingdoms of Nature, their life and affinitg : by Dr. C. Gr. 
Oarus ; Scientific Memoirs, vol. i. p. 223. 

t In Biologie, by G. R. Treviranus, vol. ii. p. 302, the following 
passage occurs :— '* If we expose spring water to the sun in open 
or even dosed transparent vessels, a^er a few days bubbles rise 
from the bottom, or from the sides of the vessel, and a green crust 
is formed at the same time. Upon observing this crust through 
a microscope, we discover a mass of green particles, generally of a 
round or oval form, very minute, and overlaid with a transparent 
mucous covering, some of them moving freely, whilst others, per- 
fectly similar to these, remain motionless ana attached to the sides 
of the vessel. This motion is sometimes greater than at others. 
The animalcules frequently lie as if torpid, but soon recover their 
former activity.** 

I On the Structure of the Vegetable Cell: by Mohl.-— Scientific 
Memoirs, vol. iv. p. 113. Ovtlines of Structural and Physicai 
Botany : by Henfrey. 
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ltd natnna position, it gives indicfttioiis of nxitioii, it 
piodtices other celb^ and ire hftve a development of 
organs ithich are in no respect tiw saae in fi»m as 
the <kiginaL From a reside floating invisiUe to 
the unaided hmnaa seine in its mnab of flnid^ is pn>. 
dooed a phut possessing stnoige powers, or an mninaal 
^gifted with volition. The idea, that two kinds of 
polarity — flight on one aide, and gravitation on tiM 
other — piodnoe the two pecuUKr devdopments of roots 
and brandies, can only be v^axded as one of those 
f andfiil analogies which prove more imagination than 
philosophy.* 

The ooenditions ave^ however^ oiost ourioos ; th«f de- 
serve very attentive study; bat inexumning the jhaoo- 
mena, ths safest course is to allow the effiaets as they 
arise to interpret to us, and not admit the love of hypoo 
theskto lead us into bewildering analogies ; or mioertain 
j^enomena to betray m to hasty inferonces. Itisoftiiis 
evil that Bacon speaks^ in his ^* Advancement of Leam- 
iagJ^ He says: — 

**Tbib root of tihis error, as <€ all o&ors, is this, 
diat men, in their contemplations of nature^ are 
.accustomed to make too tinsdy a departure, and too 
remote a leoess firom esqpeiience and partioalars, 
.and have yielded and resigned themselves over to 
the fames of Uieir own ftncies and popular arga- 
mentations." 

Without TNituring, therefore, to speculate on the 
origin of the primitive odl, or unit ci omiec life, vHooh 
:involves the problem of the metamorj^osos of a rude 

* Dr. Oartts, in the aMxaoir already q«oted,8ay8: — **Bvit suioe, 
ia tbe onganuatimi of the earth, light and air, as ooustittttiBig a 

"Second int^frtnt part, stand of^sed t» gravitation, aod anoe 
the plant hears a reladoa, not cfnly to gravitation, bai to light also, 

-when its formation is complete it will necessarily |»>e8eat a oaoond 
aiiatomieal systsm, aaaitdty, that of ttie spiral^ vessel^ vfhkh have 
been very justly coiwMtored» of late, as t]M organs that per£aan ia 

I3)lants the functions of nerves." 
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mass^-^the pnndtiTe tnassformation of Hie radimenttuy 
atoans into organic tcxm, — ^we must admit that the 
liighi^ organixed ^ant or aziimal is but an a^regation 
'Of ceDs; their arrangement being dependent npon 
•certain properties peculiar to them^ and the exercise of 
forces such as we have been stud3ring^ — all of which 
appear to act externally to the plant or animal itself. 

Experiments have been brought forward, in which 
it appeared that^ after all organization which could by 
any possibility have existed, had been destroyed by the 
action of fire, solutions of flint and metallic salts, 
have, under the influence of electric currents, exhibited 
^igns of oi^anic formations, and that, indeed, iusects^-^ 
a qpeeies of acari — ^have bec»i developed in them. The 
experiments were said to have been made with care, and 
many precautions taken to shut out all chances of any 
entjr, but not all the precautions required in a matter of 
sach exceeding delicacy; and we are bound not to 
receive the evidence afforded as the true expression of a 
£Bct without much further investigation. All experience, 
— ^setting aside the experiment named, — is against the 
suj^Knition that pounded or dissolved flint could by any 
artificial means be awakoied into life. Ova may 
have been conveyed into the vessels which contained * 
the solutions under experiment; and in due time^ 
although possibly quidLcned by electric excitation, 
the ftniwnala — ^thc most common of insects-— came into 
existence.* 

The rapid growth of confisrvie upon water has often 
been brought forward as evidence of a spontaneous 
generaticm, or the converrion of inorganic elements into 
<nganie forms ; but it has been most satisfiictorily proved 
that the germ must be present, otherwise no evidence of 

* Mr. Crosse's Experiments id the Journal of the London 
Electrical Society, ana Mr. Weekes in the Electrical Magazine, 
And a commtmicatkHi appended to EapUmaHons : a Sequd to ike 
Vestiges of the Natural Hietory nf Creatiem, 
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anythiiig Iik6 oi^anisation will be dereloped. All the 
conditions required for the production of vegetable life 
appear to show^ that it is quite impossible far any kind 
of plants even the very lowest in the scale^ to be fanned 
in any other way than from an embryo in which are 
contained the elements necessary for it^ and the arrange- 
ments required for the various processes which are con- 
nected with its vitality. 

The earth is now covered with vegetable life, but 
there must have existed a time when '' darkness was 
upon the face of the deep/' and oi^anization had not 
yet commenced tracing its lovely net-work of cells upon 
the bare surface of the ocean*Duried rock. At length 
the mysteiy of organic creation began: into this 
science dares not penetrate, but it is pri^eged to b^in 
its search a little beyond this point, and we are 
enabled to trace the progress of oi^anic development 
through a chain of interesting results which are con- 
stantly recurring. 

If we take some water, rising from a subterranem 
spring, and expose it to sunshme, we shall see, after a 
few days, a curious formation of bubbles, and the 
gradual accumulation of green matter. At first we 
• cannot detect any marks of organisation — ^it appears a 
slimy doud of an irregular and undetermined form. 
It slowly aggr^ates, and forms a sort of mat over the 
surface, wludb at the same tune assumes a darker green 
colour. Careful examination will now show the original 
corpuscles involved in a net-work formed by slender 
threads, which are tubes of circulation, and may he 
traced from small points which we must regard as the 
compound atom, the vegetable unit. We must not 
foi^, here, that we have to deal with four chemical 
elements, — oxygen, hydrogen, carbon, and nitrogen^ 
which compose the world of organized forms, and that 
the water affords us the two first as its constituents^ 
gives us carbon in the form of ca]*bonic acid dissolved 
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in it^ and that nitrogen is in the air surrounding it^ and 
frequently mixed with* it also. 

Under the influence of sunshine^ we have now seen 
iliese elements uniting into a mysterious bond^ and the 
result is the formation of a cellular tissue^ which pos» 
sesses many of the functions of the noblest specimens of 
vegetable growth. But let us examine the progress. 
The bare surface of a rock rises above the waters 
covered over with this green slime^ a mere veil of deli> 
cate net-work^ which^ drying off^ leaves no perceptible 
trace behind- it ; but the basis of a mighty growth is 
there^ and under solar influence, in the process of time^ 
other changes occur. 

After a period, if we examine the rock, we shall find 
upon its face little coloured cups or lines with small 
hard discs. These, at first sight, would not be taken for 
plants, but on dose examination they will be found to be 
lichens. These minute vegetables shed their seed and 
die, and from their own remains a more numerous crop 
springs into life. After a few of these changes, a sufficient 
depth of soil is formed, upon which mosses begin to 
develope themselves, and give to the stone a second 
time a faint tint of green, a mere film stilly but indicating 
the presence of a beautiful class of plants, which, under 
the microscope, exhibit in their leaves and flowers many 
points of singular elegance. These mosses, like the 
Hchens, decaying, increase the film of soil, and others of 
a larger growth supply their places, and r^n themselves 
the same round of growth and decay. By and by, 
fanguses of various lands mingle their little globes and 
umbreUa-Uke forms. Season after season plants, perish 
and add to the soil, which is at the same time increased 
in depth by. the disintegration of the rock over which 
it is laid, the cohesion of particles being broken up by 
the operations of vegetable life. The minute seeds of 
the ferns floating on the breeze, now find a sufficient 
depth of earth for germination, and their beautiful 
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fronds, mtaatoMllj, wsyo in lorelbiew to ike paamiigp 
winds. * 

Vegetable forms of a higher and a k^ier oorda^ 
gradually succeed each other, each seriea perishiiig in 
due season, and giTing to the soil additioiud elooaesits 
&r £he growth oi plants of thdr own species cs thoae of 
others. Mowering herbs find a genul home on the 
ODoe bajre Totk ; and the primrose pak^ the pufde Soasr 
^re, or the gandy po|H»j, open their ftowers to the joy 
of light. The shrab, with its hardy roots interlaced 
through the soil^ and binding the Tory stones^ grow& 
rich in its bsight greenery. EnentoaUy the tree springs, 
from the soil, and where once the tempest beat on the- 
bare cold rock, is now the lordly and branchingmonarch 
of the forest^ with its jhonsand leases, affordmg slider 
from the storm for bird and beast. 

Such are the conditioiis wMdi prevail thn>c^hont 
nature in the progress of yegetable growth ; the green 
matter gatheiizig on a pcmd, the mildew accmnnhitTiig' 
on a shaded wall, being the commencement of a process 
which is to end in the deydjqpment of the giant trees of 
the forest, and the beaatifiilly tinted flower of natnre'fr 
most chosoa spot* 

W^ must now consider closely the phenomena con^ 
neeted with the growth of an indiyj^ml }dan^ whidb 
will illustrate the operation of physical ixdSliiraices^ 
throughout the yegetable wcK'ld. The process by which 
the embryo^ secured in the seed, is developed, is our 
first inquiry. 

A seed is a highly carbonized body, consisting of 
integuments and embryo : between these, in most s^ds, 
lies a substance called the albumeUy or perisperm. The 
embryo contains the elements of tiie fiitnre plant — tiie 
cotyledons, the jdnmule, and the radide; tiie former 
developing into stalk and leaves^ the latter into roots. 
This embryo hides the living principle, for the deyelop* 
ment of which it is necessary that the starch and gluten 
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imdofgo a diaooical change^ and that an dbvafcion oT 
temperature is poroduoed. The vital poirer is dormant — 
it sieepfi — in the aeed until the proper oon^tiona are 
produced* It has hoeaoL pfOTed> that the powera oT 
maisfcaining life in the seed we rery great; exeesscre 
cold^ sufficiently intense to freeze mercury^ will not kill, 
seed^ and they roast a eomparatiYely high tanperature. 
It ia probahie ^that heat (miy destroys seeds by drying^ 
th^n too eompletd^. The temperature at irhi<£ 
seeds germinate is exceedingly Toried^ — those belonging 
to our own clnne will genmnate when the thermometer* 
rises abore 40^ F.> hat the seeds of tropical plants 
demand that a temperature of from 70^ to 84^^ or even 
to 90^9 be steadily applied to them. In some cases it 
has been fotmd that even boiling the seeds has been 
advanti^eous to the liiture process of germination ia^ 
the soil. But let us take tibe seed of some ordinary 
plants and trace its progress. . . 

An appfljrantfy dead grain is placed in the soil* If 
the temperature is a few degrees above thefreeaij^ point, 
and the soil holdi a due quantity of water^ the integument 
of the seed imbibes moisture and swells ; the tissue is - 
softened^ and the first effort of vital force begins, The- 
seed has now the power of decomposing watar^ the 
oxygen combines with some of the carbon of the seed, 
and is expelled as carbonic add. Saussure's experiments 
prove this. The air above the soil in which a harae> 
bean was placed to germinate, gave, before the ex- 
periment, nitrogen 210*26, and oxygen 56*29, and after 
germination, nitrogen 209*41, oxyg^i 44*38, and car- 
bonic add 11*27. This part of the process is but little 
removed from the merely chemical changes which we 
have already considered. We find the starch of the 
seed changed into gum and sugar, which affords nutritive- 
food for the devdoping embryo. The seed now 
lengthens downwards by the radicle, and upwards by 
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the ootylfidons^ which^ as they riae above tbe eartii^ 
acquire a green colour. Here the first stage of vege- 
table life eiids> the chemically exciting process is at aa 
end, and a new stimulus is required to continue in foil 
activity the vital powers. Carbonic acid is no longer 
given off. 

The cotyledons, which are two opposite roundish 
leaves, act as the lungs ; by them carbonic acid taken 
from the atmosphere is absorbed and carried by a circu- 
lating process, now in full activity, through the ywmg 
plant. The carbonic acid, a compound of carbon and 
oxygen, is decomposed; it is deprived of its carbon, whidL 
is retained by the plant, and oxygen is exhaled. The 
plant at this period is little more than an arrangement 
of cellular tissue, a very slight development of vascular 
and fibrous tissue appearing as a cylinder lying in the 
centre of the sheath. At this point, however, we b^in 
more distinctly to trace the operations of the new 
power ; the impulses of life are strikingly evident. 

The young root is now lengthening, and absorbing 
from the moisture in the soil, which always contains 
some soluble salts, a portion of its nutriment, which i» 
impelled upwards by a force — ^probably capilliury attrac- 
tion and endosmose action combined — ^to the point firom 
which the plumule springs. Capillary force raises the 
fluids through the tubes in the stalk, and oonv^s 
them to the veins in the leaves, while the endosmose 
force diffuses them through the vegetable tissues. The 
plumule first ascends as a little twig, and, at the same time, 
by exerting a more energetic action on the carbonic 
acid than the cotyledons have done, the carbon retained 
by them being only so much as is necessary to form 
chlorophylle, or the green colouring matter of leaves, 
some wood is deposited in the centre of the radicle. 
From this time the process of lignification goes on 
through all the fabric, — ^the increase, and indeed tiie 
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life, of the plant depending upon the development of a 
true leaf from the plumule. 

It must not be imagined that the process consists^ in 
the first place^ of a mere oxidation of the carbon in the 
seedy — ^a slow combustion by which the spark of life is 
to be kindled ; — ^the hydrogen of the water plays an 
important part, and, combining also with the carbon, 
forms necessary compounds, and by a secondary pro* 
<;e6s gives rise again to water by combination with 
osygen in the cells of the germinating grain. Nor 
must we regard the second class of phenomena as mere 
mechanical processes for decomposing carbonic acid, but 
the result of the combined influences of all the physical 
powers and life superadded. 

This elongating little twig, the plumule, at length 
imlblds itself, and the branch is metamorphosed into a 
leaf. The leaf aerates the sap it receives, effects the 
decomposition of the carbonic acid, the water, and in all 
probability the ammonia which it derives £rom the air^ 
:and thus returns to the pores, which communicate with 
the pneumatic arrangesnents of the plants the necessary 
secretions for the formation of bark, wood, and the 
Taxious proximate principles which it contains, 

Afl;er the first formation of a leaf, others successively 
appear, all constructed alike, and performing similar 
functions. The leaf is the principal organ to the tree ; 
and, indeed, Linnseus divined, and Goethe demonstrated, 
the beautifiil fact, that the tree was developed from this 
^curioudy-formed organ. ^ 

'^Keeping in view,** says the poet-philosopher, "the 
•observations that have been made, there will be no 
difficulty in discovering the leaf in the seed-vessel, not- 
withstanding the variable structure of that part and its 
peculiar combinations. Thus the pod is a leaf which is 
folded up and grown together at its edges, and the capsules 
consist of several leaves grown together, and the oom- 
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pound fruit is composed of several leaves imited rouad 
a common centre^ their sides being opened so as to 
form a communication between tbem^ and their edges 
adhering together. This is obvious from capsules wbich^ 
when ripe^ split asunder^ at which time each portion is 
a separate pod. It is also shown by different species 
of one genus, in which modifications exist of the prin. 
ciple on which their fruit is formed ; for instance, the 
capsule of nigilla orientalis consists of pods assembled 
round a centre, and partially imited ; in nigilla damas^ 
cena their imion is complete.''* 

Professor Lindley thus explains the same view: — 
*' Every flower, with its peduncle and bracteote, being 
the development of a flower-bud, and flower-buds being 
altogether analogous to leaf-buds, it follows as a corol- 
lary that every flower, with its peduncle and bracteoke, 
is a metamorphosed branch. 

" And, further, the flowers being abortive branches, 
whatever the laws are of the arrangement of branches 
with respect to each other, the same will be the laws of 
the flowers with respect to each other. 

"In consequence of a flower and its peduncle being 
a branch in a particular state, the rudimentary or meta- 
morphosed leaves which constitute bractese, flcnral en- 
velopes, and sexes, are subject to exactly the same laws 
of arrangement as regularly-formed leaves.'^t 

The idea that the leaf is the principal organ of the 
plant, and that from it all the other organs are probably 
developed, is worthy the genius of the great German 
poet. 

Every leaf, a mystery in itseli^ is an individual gifted 
with peculiar powers ; they congregate in families, and 
each one ministers to the formation of the branch on 


* JDtc Metamorphose der Pflanzen : Goethe, sect. 78. 
f TAnA]ey* 3 Elements of Botany. 
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which it hangs^ and to the main trttnk of the tree of 
which it is a member. The tree represents a world, 
every part exhibiting a mutual dependence. 

*' The oiM red leaf, the last of its dan, 
That dances as often as dance it pan ; 
Hanging so light and hanging so high, 
On the topmost twig that looks up at the sky," 

is influenced by, and influences, the lowest root which 
pierces the humid soil. Like whispering voices, the 
trembling leaves sing rejoicingly in the breeze and 
summer sunshine, and they tremble alike with agony 
when the equinoctial gale rends them from the parent 
stalk. The influences which pervade the whole, making 
up the sum of vital force, are disturbed by every move- 
ment throughout the system ; a wound on a leaf is 
known to disturb the whole, and an injury inflicted on 
the trttnk interferes with the processes which are the 
functions of every individual leaf.* 

The consideration of the physical circumstances 
necessary to germination and vegetable growth, brings 
us acquainted with many remarkable facts. At a tem* 
prarature below the freezing point, seeds will not germi- 
nate ; at the boiling point of water, a chemical change 
is produced in the grain, and its power of germinating 
is destroyed. Heat, therefore, is necessary to the de- 
velopment of the embryo, but its power must only be 
exerted within certain prescribed limits : these limits 
are only constant for the same class of seeds, they vary 
with almost every plant. This is apparent to every one, 
in the diflferent periods required for germination by the 
seeds of dissimilar vegetables. 

The seed is placed in the soil ; shade is always^ — 

* See the very curious experiments of C. Matteucci. Traduit 
Bt extrait du " Cimento" — Archives des Sciences Physiques et 
Naturelles; Quelqiies Experiences snr la Respiration des Plantes. 
Nov. 1846. 
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absolute darkness sometimes — necessary for the suooesa 
of the germinating process. We have seen that the 
first operation of nature is purely a chemical one, but 
this manifestation of affinity is due to an exertion of 
force^ which is directly dependent upon solar power. The 
seed is buried in the soil^ when the genial showers of 
springs and the increasing temperature of the earth, 
furnish the required conditions for this chemistry of 
life, and the plant eventually springs into sunshine; 
Thus we obtain evidence that even through some depth 
of soil the solar power, whatever it may be, is e&Ofsat, 
and that under its excitement the firat spring of life, 
in the germ, is effected. 

The cotyledons and the plumule being formed, the 
plant undergoes a remarkable change. The seed, like 
an animal, absorbed oxygen* and exuded carbcmic add; 
the first leaves secrete carbon from carbonic add in- 
spired, and ^end forth, as useless to the plant, an excess 
of oxygen gas. 

Tlua power of decomposing carbonic add is a vital 
fimction which belongs to the leaves and bark. It 
has been stated, on the authorify of Liebig, that during 
Ihe night the plant acts only as a m^re bundle of fibres, 
— ^that it allows of the circulation of carbonic acid and 
its evaporation, unchanged^ In his eagerness to support 
his chemical hypothesis of resjwradon, the able chemist 
ni^lected to inquire if this was abscdutely correct. The 
healthy plant never ceases to decompose carbonic add 
during one moment of its existence ; but during the 
night, when the excitement of light is removed^ and the 
plant reposes, its vital pow^s are at thdr minimum (^ 
action, and a much less quantitjr is deoompoaed than 
when a stimulating sun, by the action of its rays, is 
compelling the exertion of every vital ftmction. 

During this process, we have another example of 
natural organic diemistry. The four inorganic elements 
of which uie vegetable kingdom is composed—- <ajgeDy 
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bjdiogexi^ nitrogen^ and carbon — ^are absorbed as air or 
iBoistare by the leaves and through the roots^ and the 
great phenomenon of y^etable life is the conTersion of 
these to an organic condition. Sugar and gum are 
constantly produced, and fi!t>m these, by combination 
with atmospheric nitrogen, a protelne compound is 
formed, which is an essential element in the prc^ess of 
derelopment.* 

Plants growing in the light are beantiftdly green, the 
intensity of colouring increasing with the brffliancy of 
the light. Those which are grown in the dark are etio- 
lated, their tissues are weak and succulent, their leares 
of a pale vdlow. It is, therefore, evident that the for- 
mation of this chlorophylle— as the green colouring 
matter of leaves is cdled — results from some action 
determined by the son^s rays. 

Chlorophylle is a carbonLoos compotmd formed in 
the leaves, serving, it would' appear, many purposes in 
the process of asi^aailation. In the dar|: the plant still 
requires carbon for its farther development, and growing 
slowly, it removes it from the leaves, decomposing the 
chlorophylle, and su]^K>rtB its weak existence by preying 
on parts of its own structure, until at length, this being 
exhausted, it actuaUy perishes of starvation. 

Plants always turn towards the Kght : the guiding power 
we know not, but the evidence of some impulsive or at- 
tracting force is strong ; and the purpose for which they 
are constituted to obey it, is proved to be the dependence 
of vegetable esdstence upon luminous power. 

light is not^ however, alone sufficient to perfect the 
plant : another agent is required to aid in the production 
of flowers and fruits, and this power is proved to be 
heat — and heat, peihaps, in some peculiar condition. 
Having reached that point of development when the 

*^ Consult Rural Economy, by J. B. Bonssingault ; TAe Chemical 
end Phfsioiogical Balance of Organic Nature, by Dumas and 
Boussingault ; and Jffricnlturai Chemistry , by Liebig. 
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rq[>roductiYe functions axe^ by another cliange in the 
chemical operations going on within the vegetable 
structure^ to be called forth, it has been found that the 
heat rays become in a remarkable manner effective. It 
has also been observed that plants bend from the red^ 
or calorific rays^ instead of towards them, as they are 
found to do to every other ray of the spectrum. From 
this we may argue that the influence of these rays is to 
check the vegetation, and thus to ensure the perfection 
of the reproductive processes. 

It has already been stated that we have the means of 
s^arating, to a oon^derable extent, the three principles 
which we discover in the sunbeam, from each other, by 
the use of absorbent media. 

By a peculiar yellow glass we cut off the chemical 
principle of the sunbeam, and admit the passage of the 
luminous rays only — Light. 

By a cobalt blue glass we obstruct the Uff&t, but 
allow the chemical agent to pass through freely, without, 
indeed, any loss— Actinism. 

By a glass coloured deep blood«red by oxide of gold 
we obstruct the chemical principle and mudii of the 
light, but such a medium is perfectly transparent to 
Heat. 

Therefore, this gives us the means of experimenting 
with either of these principles, and of examining the 
parts which they respectively play in the work of 
organization. 

Some seeds being placed in the soil, in every respect 
in their natural conditions, duly supplied with moisture, 
and a uniform and proper temperature maintained, we 
place above the soil the three media above named, and 
allow one portion to be exposed to all the ordinary 
influences of the solar rays. 

The result will be, that the seeds under the blue glass 
will germinate long before those which are exposed to 
the combined influences of the sunshine : a few of the 
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seeds will struggle into day under the red glass, but the 
process of germination is entirely checked under the 
yellow glass. Here we see that the chemical radiations 
have quickened the chemical changes, and accelerated 
the process, under the red glass, through which rays 
having some peculiar chemical action pass ; the germi- 
nating process, though checked, is not entirely stopped. 
Whereas, it would appear that under the influences of 
light which has been deprived of chemical power, this 
conversion of the starch into gum and sugar, which 
appears to be necessary, is entirely prevented. 

If the experiment is continued, it will be found that 
under the blue glass the plants grow rapidly, but weakly ; 
and that instead of producing leaves and wood' they 
consist chiefly of stalk, upon which will be seen here 
and there some abortive attempts to form leaves. 
When the process of germination has terminated, if the 
young plant is brought under the yeUow glass, it grows 
most healthfully, and forms an abundance of wood, the 
leaves having an imusuaily dark green colour, £rom the 
formation of a large quantity of chlorophylle. Plants 
do not, however, produce flowers with readiness under 
this medium; but if, at the proper period, they are 
brought mid^ the red glass, the flVwering aAd fridting 
processes are most effectively completed.* 

* The practical value of the discovery now described, will ho 
test understood from the following letter from Mr. Lawson, of 
Edinburgh :— 

Edinburgh, 1, Gleorge the Fourth's Bridge* 

Sept. 8, 1853. 

My deak Sir, — I am favoured with yours of the 5th, relative 
to my practical experience in the effect of the chemical agency of 
«oloi9*ed media on the germination of seeds and the growth of 
plants. 

I must first explain that it is our practice to test the germi- 
nating powers of all seeds which come into our warehouses before 
we sena them out for sale ; and, of course, it is an object to dis- 
cover, with as little delay as possible, the extent that the vital 
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These expenments, simple as they are, prove to us? 
the importance of light : the luminous principle of the 
sunbeam is exciting the vital powers of the plant to 
decompose carbonic acid and form wood; and the 
calorific agent, possibly nnder those modifications which 
hare already been noticed as belonging to the para- 
thermic rays, is essential to the production of flower and 
firuit. 

Observations, which have been extended over many 
years, prove that with the seasons these solar powers are,. 

prineiple is active, as the value comes to be depreciated in the 
ratio it is found to be donnant. For instance, if we sow 100 
seeds of any sort, and the whole} germinate, the seed wiU be the 
highest current value ; but if oiUy 00 germinate, its value is 10 
per cent, less ; if 80, then its value falls 20 per cent. 

I xDerely ^ve this detail to show the practical value of this 
test, and the influence it exerts on the fluctuation of prices. 

Our usual plan formerly was to sow the seeds to be tested in a 
hot-bed or frame, and then watch the progress and note the results. 
It was usuallv from eight to fourteeii days before we were in a 
condition to decide on the oommercial value of the seed under 
trial. 

My attention was, however, directed to your excellent work,, 
" On the Physical Phenomena of Nature," about five years ag6„ 
and I resolved to put your theory to a practical test I accordingly 
had a ease made, the sides of which were formed of glass colomed 
blue or indigo, which case I attached to a small gas stove for 
engendering heat ; in the case shelves were fixed in the inside, on 
whioh were placed small pots wherein the seeds to be tested were- 
sown* 

The results were all thafcould be looked for: the seeds freely 
germinated in from two to five days only, instead of from eight to* 
fourteen days as before. 

I have not carried our experiments beyond the germination of 
seeds, so that I cannot affoixl practical information as to the effect 
of other rays on the after culture of plants. 

I have, however, made 8<mie trials with the yellow ray in. pre- 
venting the germination of seeds, which have been successful ; 
and I have always found the violet ray prejudicial to the growth 
of the plant after germination.— I remain, my dear Sir, 

Very faithfully yours, 

Ghableb Lawson. 
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rdatively to eacli other^ subject to an interestmg change. 
In the springs the actinic or chemical power preva^ 
and during this period its agency is required for the 
vitalization of the germ. As the summer comes on^ 
the actinic rays diminish^ and those of light increase. 
Perhaps it would be more strictly correct to say that 
the luminous intensity being increased^ the chemical 
power was retarded ; the former expression implies a 
Variation in quantity^ wliich may not be correct. We 
see the necessity for this^ since luminous power is re- 
quired for the secretion of the carbon^ with which the 
woody fibre is formed^ and also for the elaboration of 
the proximate principles of the plant. Autumn^ the 
season of fruit, is characterized by an increase of the 
heat rays, and a diminution of the others : this change 
being necessary, as science now teaches us, for the due 
production of flower and firuit. 

The calorific rays of the solar beam, to which the 
autumnal phenomena of vegetation appear particularly 
to belong, are of a peculiar character. They haye been 
called Hie Parathermic rays, and exhibit a curious 
compound nature. To these rays we may refer the 
ripening of fruit and grain, and the browning of the leaf 
bdTore its fall. May not the rise of the sap in spring 
be traced to the excitement of either light or nctiLm, 
and its recession, in the autumn, to that power from 
'vdiich the plant is found to bend, and which appears to 
be their modified form of heat ? 

There can be no doubt that the yarieties of climate 
and the peculiarities of countries, as it regards their 
animal and v^etable productions, are dependent on the 
same causes. The distribution of species has been. 
referred by some to specific centres of creation around 
which the plants and animals have spread, without 
reference to physical conditions. Although centres of 
creation may be admitted, .these centres themselves 
have bem determined by the physical fitness of each. 
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centre to the conditions of the creation^ and in like man- 
ner the migration of tribes is solely due to these 
physical forces we have been considering. In every 
2one we find that vegetable organization is peculiarly 
fitted for the coi^siderations by wliich it is surrounded. 
Under the equator we have the spice-bearing trees^ the 
nutmegs the elove^ the cinnamon^ and the pepper-tree; 
there we have also the odoriferous sandal^ the ebony, 
the banyan^ and the teak : we have frankincense^ and' 
myrrhy and other incense-bearing plants; the coffee- 
tree^ the tea-plant, and the tamarind. 

A little further north we have the apricot, the citron, 
the peach, and the walnut. In Spain, Sicily, and Italy, 
we have the orange and lemon-tree blooming rich with 
perfume, and the pomegranate and the myrtie growing 
wild upon the rocks. Beyond the Alps the vegetation 
again changes ; instead of the cypress, the chesnut, and 
the cork-tree, which prevail to the south of them, we 
have the harder oak, the beech, and the elm. Still further 
north, we have the Scotch and spruce fir and larck. 
On the northern shores of the Baltic, and in that line of 
latitude, the hazel alone appears ; and beyond this the 
lioary alder, the sycamore, and the . moimtain ash. 
Within the Arctic circle we find the mezereum, the 
water-lilies, and the globe-flowers; and, when the 
weakness of the solar radiations becomes too great evesi 
for these, the reindeer moss still lends an aspect of 
gladness to the otherwise sterile soU. 

The cultivation of vegetables depends on the taoa- 
perature of the clime. The vine flourishes where the 
mean annual temperature ranges between 50^ and 73^, 
and it is only cultivated profitably within «$0^ S. and 50° 
N. of the equator. To the same limits is confined 
the cultivation of maize and of olives. Cotton is grown 
profitably up to latitude 46° in the Old World, but only 
up to 40° in the New. We have evidence derived &om 
photographic phenomena, that the constitution of the 
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solar rays yaries with the latitude. The effects of the 
sun's rays in IVance and England in producing chemical 
change are infinitely more decided than^ with far greater 
splendour of lights they are found to be in the lands 
under or near the equator. Indeed^ the remarks made 
on the variations in the character of the sunbeam with 
the changing seasons^ may apply equally to the variations 
in latitude. 

Fungals are among the lowest forms of vegetation^ but 
in these we have peculiarities which appear to link them 
with the animal kingdom. Marcet found that mush- 
rooms absorbed oxygen, and disengaged carbonic add. 
In aU probabiUcy this is only a chemical phenomenon 
of a precisely similar character to that which we know 
takes place with decaying wood. In the conversion of 
wood into humtts, oxygen is absorbed, and combining with 
the carbon, it is evolved as carbonic acid. Of course we 
have the peculiar conditioD of vitaUty to modify the 
effect, and we have, too, in this class of plants, the ex- 
istence of a larger quantity of nitrogen than is found in 
any other vegetating substance. 

These few sketches of remarkable phenomena con- 
nected with vegetation are intended to show merely the 
operations of the physical powers of the universe, so far 
as we know them, upon these particular forms of 
organisation. .During the process of germination, 
electricity is, according to Pouillet, evolved ; and again, 
in ripening firuits, there appears to be some evidence of 
electrical currents. Vegetables are, however, in the 
growing state, such good conductors of electricity, that 
it IB not, according to the laws of this force, possible 
that they should accumulate it; so that the luminous 
phenomena stated to have been observed cannot be due 
to this agency. We know, however, that under every 
eondition of change, whether induced by chemical or 
calorific action, electricity is set in motion; and we 
have reasons for believing that the excitation of light 
will also give rise to electrical circulation. 
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The question^ whether phmts possess sensation^ 
whether thejr hare any disposition of parts at all 
analogous to the neryons system of animals^ has been 
often pat forward^ bnt as yet the answers have been 
nnsatisfiu^ry. The point is one well worthy all the 
attention of the Timetable physiologist ; bnt r^arding 
plants as the link between the animal and the mineral 
kingdom^ — looking upon phyto-chemistry^ as exhibited 
l^ than, as the means employed to produce those more 
complex organizations which exist in animals,-^— we 
necessarily consider plants as mere natural machines 
for effecting organic arrangements, and, as sndi, that 
they cannot possess any nervbus sensibility. Muscabkr 
contraction may be represented in many of their marvel- 
lous arrangements ; and any disturbance produced bjr 
natural or artificial means would consegiKsitly effect a 
diange in the operations of those forces which combine 
to produce vegetable life. Indeed, the experiments of 
Carlo Matteucci, already referred to, prove that an 
incision across a leaf, the fracture of a branch, or the 
mere bruising of any part of the plant, interferes with 
the exercise of that power which, under the operation of 
luminous agency, decomposes carbonic add, and effects 
the assimilation of l^e other elements. 

To recapitulate. A plant is an organized creation ; it is 
, so in virtue of certain strange phyto-c^emical operations, 
which are rendered active by the solar influences 
involved in the great phenomena of light, and by liie 
excitation of caloric force and electrical circulation. It 
is a striking exemplification of the united acti<m of 
certain empyreal powers, whidi give rise to the com- 
bination of inorganic principles under such forms that 
they become capable of ob^ng the mysterious impulses 
of Ufe. 

The poet has imaged the agency of external powers in 
Tarious shapes of spiritualized beauty. From the god- 
dess Mora, and her attendant nymphs, to the romantM; 
enchantress who called up flowers by the light touch of 
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lier wand, we hare, in all these creations, foresliadowings 
of the disoovery of those powers which science has shown 
are essential to vegetable life. A pow^ £rom withoiit 
influences the plant ; but the animal is dependent upon 
ahigher agency which is potent within him. 

The poet^s dream pleases the imaginative mind ; and, 
associating in our ideas all that is graceful and loveable 
in the female form, with that diviner feeling which 
impresses the soul with the sense of some unseen 
spirituality, we perceive in the goddess, the enchantress^ 
or the sylph, pure idealizations of the physical powers. 
The spirit floating over these forms of beauty, and 
adorning them with aU the richness of colour — ^painting 
the rose, and giving perfume to the violet — ^is, in the 
poet^s mind^ one which ascends to nearly the highest 
point of etherealization, and which becomes, indeed, to 
him a spirit of light ; they ride upon the zephyrs, and 
they float, in all the luxury of an empyreal enjoyment, 
down to the earth upon a sunbeam. Such is the work 
of the imagination. What is the result of the search of 
plodding science after truth? The sunbeam has been 
torn into rays, and every ray tasked to tell of its 
ministry. 

Nature has answered to some of the interrogations ; 
and, passing ov6r ^ the earth, echoed from plant to 
plant, we have one universal cry proclaiming that every 
function of vegetable life is due to the spirits of the 
sun. 

The mighty Adansonia of Senegal, hoary with the 
mosses of five thousand years, — ^the Pohon upas in their 
deadly valleys, — ^the climbing lianas of the Guiana 
forests, — ^the contorted serpent-cactus on the burning 
hills, — the oaks, which spread their branches in our 
tempered climes, — the glorious flowers of the inter- 
tropical regions, and those which gem our virent plains, — 
the reindeer lichen of northern knds, and the confervas 
' of the silent pool, — ^the greatest and humblest creationr 
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of the vegetable worlds — all proclaiin their direct 
dependence upon the mTsterious forces which are bound 
together in the silver thread of Light. 

These undulations^ pulsations too refined for mortal 
ears^ which quicken and guide these wonderful oi^an- 
isms, may be indeed regarded as BphereA music for ever 
repeating the Divine command^ ^^ Let there be Ldght" 
hy the creation of which^ a dark and dreary chaos was 
moulded into a star of beauty^ capable of radiating bright- 
ness to other space-wandering worlds. 
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CHAPTER XV. 


PHENOMENA OF ANIMAL LIFE. 

Distinction between the Kingdoms of Nature— Progress of Ani- 
mal Life — Sponges — Polypes — Infusoria — Animalcula — 
Phosphorescent Animals — Annejidans — Myriapoda — Ani- 
mal Metamorphoses — Fishes — Birds — Mammalia — Ner- 
Tous System — Animal Electricity — Chemical Influences — 
Influence of Light on Animal Life— Animal Heat — Mecha- 
nical Action— Nervous Excitement — Man and the Animal 
Bades, &c. 

*' A STONE grows ; plants grow and live ; animals grow, 
Kve, and feel.'' Such were the distinctions made by 
Linnseas^ between the conditions of the three kingdoms 
of nature. We cannot^ however, but regard them as 
in all respects illo^cal. The stone — a solid mass of 
unorganized particles — enlarges^ if placed in suitable 
conditions^ by the accretion of other similar particles 
around it ; but it does not, according to any meaning 
in which we use the word, grow. Plants and animals 
grow; and they differ, probably, only in the phenomena 
of sensation. Yet, the trembling mimosa, and several 
other plants, appear to possess as much feeling as 
sponges and some of the lower classes of animals. By 
this definition, however, of the celebrated Swedish 
naturalist, we have a popular and simple expression of a 
great fact. 

As we have only to examine the question of the 
agency of the physical forces upon animal life, we must 
necessarily confine our attention to the more striking 
phenomena with which science has made us acquainted : 
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-and, having briefly traced the apparent order in which 
the advance of organization proceeded^ we must direct 
our few concluding remarks to the physico-physiological 
influences, which we must confess to know but too 
imperfectly. 

We learn that, during the states of progress which 
; geology, looking into the arcana of time, has made us 
acquainted with, a great variety of animal forms were 
brought into existence. TSiey fived their periods. The 
^co^ditions^f the sur&ce of the earth, the sea, or the 
atmosphere, were altered; and, no longer fitted for the 
enjoyments of the new life, these races passed away, and 
others occupied their places, which, in turn, went 
through all the stages of growth, maturity, and decay ; 
until at length, the earth being constituted 'for the 
abode of the highest order of animals, they were called 
into existence; and man, the intellectual monarch of 
the world, was placed supreme amongst them aU. Types 
of nearly all those forms of life which are found in the 
fossil state are now in existence; and if we examine fhe 
geographical distribution of animals — the zones of 
elevation over the surface of the earth, and the zones of 
depth in the ocean, — ^we shall find, now existing, animal 
•creations strikingly analogous to the primitive fonos 
and conditions of the earth^s inhabitants. From the 
•depths of the ocean we may even now study — ^as that 
most inde£a,tigable naturalist. Professor Edward Forbes, 
has done — the varying states of orgaziixation under the 
circumstances of imparfect light and varying tem« 
perature.* 

The gradual advance of animal life in the asoending 
strata has led to many i^ieculations, ingenious and 

^ Rtports t^the Famna of the ^getm : hy Professor Forbes.— 
Beports of the British .Afisociation. On ike Physical Coadiiiotu 
' affeeting the Distribution qfJJfe tii the Sea and the Jtmotpkenf ^e, : 
by Dr. Williams. Swansea. 
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lefined, on the progressive development of animals. 
That the dianges of the inorganic world have impressed 
new conditions On the organic structures of animals, to 
meet the necessities of their being, must be admitted. 
Comparative anatomy has demonstrated that siuji sup- 
posed differences really existed between the creatures of 
secondary formations — those of the tertiary and the 
present periods. It has been imagined, but upon de- 
batable foundations, that the atmosphere, during the 
secondary periods, was highly charged with carbonic 
acid ; and, ccmsequenily, that though beneficial to the 
growth of plants, and peculiarly fitted for the conditions 
required l^ those which the fossil flora makes us ac- 
quainted with^ it was not adapted to suj^rt any animals 
above the slow-breathing, cold-blooded fishes and reptiles. 
Under the action of ti^e super-luxuriant vegetation of 
these periods, this carbonic acid is supposed to have been 
removed, an addition of oxygen fiinushed ; and thus, 
consequently, the earth gradually fitted for the abode of 
warm-blooded and quick-breathmg creatures. We do, 
indeed, find a very marked line betwe^i the fossil 
remains of the Has formations which enclose the 
saurians, and the wealden, in which birds make their 
appearance more numerously than in any previous for- 
maticm. 

Founded upon these facts, speculations have been put 
forth on the gradual development of animals fitun the 
lowest up to the highest orders. Between the polype 
and man a continuous series has been imagined, every 
link of the chain being traced into connection with the 
one immediately succeeding it; and^ through all the 
divisions^ zo($phytes, fidies, amphibia, reptiles, birds, and 
mammalia are seen, according to this * hypothesis, to be 
derived by gradual advancement {rom. the preceding 
cnrd^rs. The first having given rise to amphibia, — the 
amphibion gives birth to the reptile, — the reptile ad- 
vances to the bird, — and firom this class is developed the 

c c 
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mammal. A slight inyestigation will convinoe us that 
this view has no foundation. Although a certain re- 
lationship may be found between some of the members 
of one class^ and those of the other immediately joining 
it^ yet this is equally discovered to exist towards 
classes more remote from each other ; and in no one 
instance can we detect anything like the passage of an 
animal of one class into an animal of another. Until 
this is done, we cannot but regard the forms of animal 
life as distinct creations^ each one fitted for its state of 
being, springmg from the command of the great First 
Cause.* 

But it is time to quit these speculative questions, and 
proceed to the examination of the general conditions of 
animal life at the present time. 

Lowest in the scale of animals, and scarcely distin- 
guishable fix>m a vegetable, we find the sponge, attached 
to and passing its hfe upon a rock, exlubiting, indeed, 
less signs of feeling than many of the vegetable tribes. 
The chemical diffierences between vegetables and sponges 
are, however, very decided ; and we find in the tissues 
of the sponge a hu^e quantity of nitrogen, a true knimal 
element, which exists, but in smaller quantities, in 
vegetables. 

These creations, standing between vegetable and 
animal life, possess the singular power of decomposiQg 
carbonic acid, as plants do ; and the water in which they 
live always contains an excess of free oxygen. 

The polypes are a remarkably curious class. '^ Fixed 
in large arborescent masses to the rocks of tropical seas, 
or in our own climate attached to shells or other sub- 
marine substances, they throw out their ramifications in 
a thousand beautiful and plant-like forms ; or, incrusting 
the rocks at the bottom of the ocean with calcareous 
earth, separated from the water which bathes them, thev 

\,^ The Vestiges of the Natural History of.CreatioH, 
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silently build up reefe and shoals, justly dreaded by the 
navigator; and sometimes giving origin, as they rise 
to the surface of the sea, to islands, which the lapse of 
ages clothes with luxuriant verdure, and peoples with 
appropriate inhabitants/^* 

Most of the polypes are fixed and stationary ; but the 
hydra and some others have the power of changing their 
positions, which they do in search of the light of the 
sun. They do not appear to have organs of sight re- 
quiring light ; but still they delight in the solar influences. 
The most extraordinary fact connected with the hydra 
is its being multiplied by division. If an incision be 
made in the side of a hydra, a young polype soon de- 
velopes itself; and if one of these creatures be divided, 
it quickly restores the lost portion of its structure. The 
varieties of the polypes are exceedingly numerous, and 
many of them are in the highest degree curious, and 
often very beautiful. The actiniae, like flowers, appear 
to grow feom the rocks, unfolding their tentacula to the 
light ; and, in the excitement due to their eagerness for 
prey, they exhibit a beautiful play of colours and most 
interesting forms. Microscopic zoophytes of the most 
curious shapes are found,— all of which attest, under 
examination, the perfection of all created things. 

Infusoria and animalcula, — animals, many of them, 
appearing under the microscope as little more than a 
transparent jelly, — must be recognized as the most 
simple of the forms of life. They exist in all waters 
in uncountable myriads ; and, minute creatures as 
they are, it has been demonstrated that many of the 
great limestone* hills are composed entirely of their 
remains. 

The acalephae, or the phosphorescent animals of the 
ocean, are no less curious. Prom creatures of the most 

* General Outline of the Animal Kingdom : by Professor Thomas 
Rymer Jones, F.Z.S. 
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minute me, they extend to a considerable magmtitcfe^ 
yet they appear to be little more than animated masses 
of sea-water. If any ooe of tlnese 8ea-jd(Be9> or jeUy-* 
fishes as. they are often called (evtfa the largoot Tarictiies 
of them)^ is cast upon the shore^ it ia boqd^ by tW in- 
fluence of the suii> coiAYerted into a mei^ fibre no tiucker 
thm a cobveb : an animal weighing seven or eight 
poionds is very soon reduced to m mmy ^rsinis. D^fe 
are niimereias kinda of these sijagular ereatores;^ most, of 
-which ave remarkable tof thj& pow arful phoqdbc»eaeeiit 
light the^ emit. The ier^» disA the pukmamim'Qtk shine 
vith ajoi mtense white ligtkt mo^y &et beliyir the soorftce, 
whilst the Ce^iitm Vemeris^ or ginUe of Tenna, glidiAg: 
rapidly akmg, ]»resaQbts> on the edge of the wanre^ an urn- 
dijdating nband of flame of eonsideyable le^gtit. Tka*e 
oan be no doubt that thi» arises from the emimoa of 
phosph^mseent miSjIter of tm unknown kiai from tiie 
bodiea of these animala.. 

Tb» mierofifcope has made us £eaniliar with the mys- 
teriea of a minute creation which we shoidd: net orkber* 
wise have compreh^Kled. These creaJmotee are. fownd 
inhabitiBg the waters and the knd^ and tibey eset in 
the internal structure of planta and amimah^ preying 
upon the nutritive yuieea whiieh pass tiireagk their 
syst^fris. Although the«e beingis are ao exeeedbi^ly 
small thai evesk the most pmetised ohBcenrer casmot 
detect them with the naked eye, they a«e proved;, by 
eawfiJ ewminatioa wtder themicroacope, te be ki laanjr 
cases ^borately curganji^ed. Shienba^ ka9 dBseotvered 
in them fikmentary nerves imd narvon» majsses^ and 
ev^i vessels appropriated to tite drculatikm of flnids^ 
showing that they oelong really to a high condkkm ct 
existence. 

Passing over many VsaJt^ in that eorkwis Anaat wUd 
appears to bind the animal kingdom into a complete 
whole, >ve come to the articulata of Cuvier — ^the hioM)- 
gangliata of Owen. 
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All those (areatores which vrt hav^ been hitherto c(m*' 
^idermg are too imperfect in the construction of their 
isknple ot^gMiixstions to maintain a terrestrial existence ; 
thejr are^ theiefiHr% confined to a watery medium. In 
the articukta^ we hate evidences of higher attributes^ 
aad indical3oi» of instincts devdoped in ^^portion to 
the increased parfecti<m of oi^^ization. Commiencmg 
with the annelidaas> all of which> except the earth- 
wormS) are inhabitants of ^e waters^ we proceed to the 
myrii^oda, pres^iting a system intermediate in every 
respect between that of worms and insects^ we then 
find embraced in the same order, the class insecta^ 
which includes fiies and beetles of all kindB; and, 
as the fourth division of articulated beings^ the arach^ 
nidans or spiders $ and, lastly, the marine tribe of crus«^ 
taceans. 

The most remarkaMe phenomena oonneeted with 
these animals zie the metamorphoses which they 
imdeiigo. The female butterfly, for instance, lays ^gs, 
which, when hatched, produce caterpillars : these live 
in this state for some time, feeding upon v^tables, 
and, after casting their skins as they increase* in sixe, 
at last assume an entirely different state, and, dormant 
in their oblong csae, they appear like dead matter. 
This chrysalis, .or pupa, is generally preserved from 
injury by being embedded in the earth, firom which, 
after a season, a beautifully perfect insect escapes, and, 
floating on the breeae of summer, enjoys its sunshine^ 
and revels amidst its flowers* 

No less remarkable is the metamorphosis of the ca» 
ducibranchiate amphibia, passing through the true fish 
condition of the tadpole to the perfect air-breathing 
•and four-footed animal, the frog. 

A metamorphosis of the crustaceans, somewhat similar 
to that which takes place in insects, has been of late 
jrears creating much discussion amongst naturalists : 
but the question appears to be now settled by the 
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careful and long-continued observations of Mr, Thompson 
and Mr. B. C. Couch. 

A wide line of demarcation marks the separation of 
the invertebrata from the four great classes of vertebrate 
animals — fishes^ reptiles^ birds^ and mammalia. Every 
part of the globe, — ^the ocean and the inland lake, — ^the 
wide and far-winding river, and the babbhng stream,— 
the mountain and the vaUey, — ^the forest with its depth 
of shade, and the desert with its intensity of Kght, — 
the cold regions of the frost-chained north, and the 
fervid clime within the tropics — ^presents for our study 
innumerable animals, each fitted for the conditions to 
which it is destined ; and through the whole we find a 
gradual elevation in the scale of intelligence^ until at 
last, separated from all by peculiar powers, we arrive at 
man himself. 

In each of these four classes the animals are fur- 
nished with a bony skeleton, which is in the young 
animal little more than cartilage ; but, as growth in- 
creases, lime becomes deposited, and a sufficient degree 
of hardness is thus produced to support the adult for- 
mation. Some anatomists have endeavoured to show 
that even in the mechanical structure of the bonv fabrics 
of animals, we are enabled to trace a gradual increase 
in the perfection of arrangement, from the fish untQ the 
most perfect is found in man. Many of the mammalia, 
however, are furnished with skeletons which really 
surpass that of man. Tlxese belong to animals which 
depend for subsistence upon their muscular powers, and 
with whom man is, in this particular, on no equality. 
What is the lord of the creation, compared with the 
antelope for fleetness, or with the elephant and many 
other animals for strength? 

As we ascend the scale of animal life we find a more 
perfectly developed nervous system; and the relative 
size of the brain, compared with that of the brute, is 
found progressively to increase, until it arrives at the 
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utmost perfection in man. On the system of nerves 
depends sensation^ and there can be no doubt that the 
more exalted the order of intelligence displayed^ Hke 
more exquisitely delicate is the nervous system, Thus^ 
in this worlds refined genius must necessarily be at* 
tended with a condition of sensibility which, too fre- 
quently, to the possessor is a state of real disease. 

It must be evident to every reader that but very few 
of the striking features of animal life have been men- 
tioned in the rapid survey which has been taken of the 
progress of animal organization. The subject is so 
extensive that it would be quite impossible to embrace 
it within any reasonable limits; and it furnishes 
matter so carious and so instructive, that, having once 
entered on it, it would have been difficult to have made 
any selection, and we must have devoted a volume to 
the aesthetics of natural science. Passing it by, there- 
fore, with the mere outline which has been given, we 
must proceed to consider some of the conations of 
vitality. 

Bell has proved that one set of nerves is employed in 
conveying sensation to the brain, and another set in 
transferring the desires of the will to the muscles. By 
the separation of a main branch of one of the nerves 
of sensation, although all the operations of life will still 
proceed, the organ to which that nerve goes is dead to 
its particular sense. In like manner, if one of the 
nerves of volition is divided, the member will not obey 
the inclination of the brain. It is evident, therefore, 
although many of the great phenomena of vital force 
lire dependent on the nervous system, and the paralysis 
of a member ensues upon the separation or the disease 
of a nerve, that the nerves are but the channels through 
which certain influences are carried. The vis vita or 
vital principle — for we are compelled by the imperfection 
of our knowledge to associate under this one term the 
ultimate causes of many of the phenomena of life — is a 
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power wliich^ although eonstanily emjdoyed, has the 
capiibiKtyof oontmmdly renewing itself byBomc inex- 
plicable connection existing between \t and mxaj 
external influences. We know that certain conditions 
are necessary to the health of animala. Diseased diges- 
tion, or any intermptioa in the drcnktion of the Wood, 
destroys the vital foioe^ and death ensues. The pro* 
cesses of digestion and of ihe circnlatioii are perfectly 
understood^ jet we are no nearer the great secret of the 
liying principle. 

Animals are dependent on several external agents for 
the supp o rt of existence. The oxygen of the air is 
necessary fixr respiration. Animal heat, as will be 
shown presently, is in a great measure dependoit upon 
it. The extenial heat is so regulated ihat animal 
existence is comfortably supported. Electricity » 
without doubt an essential element in the living pro- 
cesses; and, indeed, many physiologists have been 
inclined to refer vital force to the devel(q)m0it €£ elec- 
tricity by chemical action in the brain. This view has, 
however, no foundation in experiment beyond tiiat 
afforded by the appearance of electric currents^ when 
the brain is excited. This proves no more tiian that 
the operations of mind develope physical power in the 
matter with which it is myst^ously connected. 

The phenomena of the Torpedo and Gymnotus we 
have already noticed,* and there are other creatures 
which certainly po«e88 the power of secreting and dis- 
chai^ng electricity. Galvani's experiments, and those 
of Aldini, appear to show — ^and the more deUcato 
researches of Matteucd have satia&ctorily determined 

* Jo addition to the memoirs alceadj xefeired to, Note p. 2ll» 
see Carlisle, On the battery of the Torpedo, governed by a voluntary 
muscle. — Phil. Trans., vol. xcv. p. 11. Todd, Experiments on the 
Torpedo of the Cape qf Good Hope.— Ibid., vol. cvi. p. 120. Todd, 
Bxperiments on the Torpedo Electricus at La Roekelle, — Ibid., 
vol. evil. p. 82. 
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-—tiiat cuiTOnt» of electricity are always circulatiiig in 
the aaimal frame ; — that positire electricity is constantly 
passing from the interior to the exterior of a muscle. 
Matteucci, by arranging a series of mnsdes^ has formed 
•an electric pile of some enenry.* These correnis 
luive been diected in man, in ^ns, fowls, eels, and 
irogs. 

In the human body it is evident a large quantity of 
electricity exists in a state of equilibrium. Du Bois 
Baymond has shown that we may by mere muscnhur 
miion give rise to electric cor^ntl which can be 
measnied by the galTanometer. This^ howerer^ may be 
said of every substance. It is perhaps mc»re easily dis- 
turbed in the human system ; indeed^ the manifestation 
of spaite ficom the hair and other pai*ts o( the body by 
friction is not uncommon. Every chemical action, it 
has been already shown, gives rise to electrical mani- 
festations; and die animal body is a laboratory, beauti- 
fully fitted with apparatus, in which neariy every 
chemical process is going on. It has been proved that 
add and alkidine principles are constantly acting up<»i 
each other through the tissues of the animal frame ; 
and we have the curious phenomena of endosmose and 
exosmose in constant effort, and catalysiB or sur/ace/oree, 
operating in a mysterious manner.f 

With the refined physiological questi<m8 connected 
with the phenomena of sensation we cannot deal, noi^ 
will any argument be adduced for or against the hy- 

* For a concise account of these experiments see JSlementt qf 
Natural Philosophy : by Gelding Bird, A.M., M.D., &c. 3rd Edi- 
tion, chap. XX p. 336. In this work all the most recent reseai'ches 
are given, and the authorities referred to ; see also Matteuccfs 
interesting papers already quoted. 

f On the laws according to which the miximg offirnds^ and their 
penetration into permeable substances^ occurs, with special reference 
to the processes in the Human and Animal Organism, by Julius 
Vogel, of Giesaen : translated for the Cavendish Society, Liebig, 
On the Motion of the Mees in the Animal Body. 
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pothesis which woiild refer these phenomena to some 
extraordinary development of electric force in the brain. 
The entire subject appears to stand beyond the true 
limits of science^ and every attempt to pass it is in- 
variably found to lead to a confused mysticism^ in which 
the real and the ideal are strangely confounded. Science 
stops short of the phenomena of vital action. 

We cannot^ however, but refer to the idea entertained 
by many that the brain is an electric battery^ and the 
nerves a system of conductors. On this view Sir John 
Herschel remarks: — If the brain be an electric pile 
constantly in action, it may be conceived to dischai^ 
itself at regular intervals, when the tension of the elec^ 
tricity reaches a ceitain point, along the nerves which 
communicate with the heart, and thus excite the pul-^ 
sation of that organ.'' Priestley, however, appears to 
have been the first to promulgate this idea. 

Light is an essential element in producing the grand 
phenomenon of life, though its action is ill understood. 
Where there is light, there is life, and any deprivation 
of this principle is rapidly followed by disease of the 
animal frame, and the destruction of the mental faculties. 
We have proof of this in the squalor of those whose ne- 
cessities compel them to labour in places to which the 
blessings of sunshine never penetrate, as in our coal- 
mines, where men having everything necessary for health, 
except light, exhibit a singularly unhealthy appearance. 
The state of fiatuity and wretchedness to which those 
individuals have been reduced who have been subjected 
for years to incarceration in dark dungeons, may be re- 
ferred to the same deprivation. Again, in the peculiar 
aspect of those people who inhabit different regions of 
the earth under varying influences of light, we see evi- 
dence of the powerful effects of solar action. Other 
forces, as yet undiscovered, may, in all probability do, 
exert decided influences on the animal economy ; but, 
although we recognize many effects which we cannot 
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refer to any known causes^ we are perfectly unable to 
imagine the sources firom which they spring. 

It will be interesting now to examiae the phenomena 
of animal heat, the consideration of which natnraUy leads 
us to consider the digestive system, the circulatory pro- 
cesses, and the effects of nervous excitation. 

The theory, which attributes animal heat to the 
combination of the carbon of the food taken into the 
stomach with the oxygen of the air inspired through 
the lungs, has become a very fEivourite one. It must, 
however, be remembered that it is by no means new. 
The doctrines of Brown, known as the Brunonian 
«ystem, and set forth in his Ekmenta MedictntB^ are 
founded upon similar hasty generalizations. Although, 
without doubt, true in a certain degree, it is. not so to 
the extent to which its advocates would have us believe. 
That the carbonaceous matter received into the stomach, 
after having undergone the process of digestion, enters 
into combination with the oxygen breathed through the 
lungs or absorbed by the skm, and is given off from 
the body in the form of carbonic acid, and that, during the 
combination, heat is produced, by- a process similar to 
that of ordinary combustion, is an established fact ; but 
the idea of referring animal heat entirely to this chemical 
source, when there are other well-known causes pro- 
ducing calorific effects, is an example of the errors into 
which an ingenious mind may be led, when eagerly 
seeking to establish a favourite hypothesis. 

Animal and vegetable diet, which is composed largely 
of carbon and liydrogen, passes into the digestive 
system, and becomes converted into the various matters^ 
required for the support of the animal structure. The 
blood is the principsd fluid employed in distributing over 
the system the necessary elements of health and vigour,, 
and for restoring the waste of the body. This fluid, in 
passing through the lungs, und^goes a very remarkable. 
change, and not merely assumes a different colour, but 
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really aoquires new properties, from its exposure to the 
air with which the odk of these oi^ns are filled. By 
a true chemical process, the oxygen is sepaarated from 
the air, that oxygen is made to combine with the carbon 
and hydn^en, and carbonic acid and water are formed. 
These are liberated and thrown off from the body either 
through the lungs or by the skin. In the processes of 
life^ as far as we are enabled to trace them, we see 
actions going on whidi are referred to certain causes 
which we appear to explain. Thus, the combination of 
the oxygen of the air with the carbon of the blood is 
truly designated a case of chemical afiSnity ; and we 
find that in endeavouring to imitate the processes of 
natiue in the laboratory, we are, to a certain extent, 
successful. We can combine carbon and oxygen to 
produce carbonic acid ; and we know that the result of 
that combination is the development of certain definite 
quantities of heat. Let us examine the conditions of 
this chemical phenomenon, and we shall find that in the 
natural and artificial processes, — for we must be allowed 
to make that distinction, — ^there are analogous circum- 
stances. If we place a piece of pure carbon, a lump of 
charcoal or a diamond, in a vessel of air, or even of pure 
oxygen gas, no change will take place in either of these 
elements, and, however long they may be kept together,- 
they will still be found as carbon or diamond, and 
oxygen gas. If we apply heat to the carbon until it 
becomes incandescent, it immediately b^ns to com- 
bine with the oxygen gas,— it bums; — ^after a little 
time aU the carbon has disappeared, and we shall find, 
if the experiment has been properly made, that a gas is 
left behind which is distinguished by properties in every 
respect the reverse of those of oxygen, supporting neither 
life nor combustion, whereas oxygen gives increased 
vigour to both. We have now, indeed, carbonic acid 
gas formed by the union of the two principles. 

A dead mass of animal matter may be jdaced ia 
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oxjgen gas, and^ unless soEDe peenHar ccmditioiis are in 
acMoie way brought about^ no cliange will take place ; 
bat, if it weire possible to ap^ily tbe ^mu^ of life to ij;^ 
as we light up the ap«rk in 1^ o&er case, or if^ as that 
ia b^jond the powcar of saan^ we substiEtute'a living^ 
ereatore^ a ccNoibaiiatkni between the eavhon of the 
aniiikal and th^ gas wiU imiuediatdy begin, and carbonie 
aod will be fonned hy the waste of ajunud matter, as 
in the other case it ia hj the destmetion of the earbon ; 
and, if there is not a fradi imip/pfy giyen, the animal 
must die, firom the exhaxtation of its fabrie* Now, in 
both th^ae eases^ it is dear that, atthongh this ehemieal 
UBioB i» a pfioadiaate cause of heat^ theare must he 
existing sonaa power superior to it, asithe uhxinate cause 
thareof. 

The ^slow combustnn {eremaeausis) of y^jstable 
VMitter,. decoiaq)oaiQg under the influence ot moisture 
and the abr,. doe& not present similar eonditiona to those 
of the human body, although it has been insisted vfjptm 
to he in erory respect anak^oos. That the results 
leBcaBible each other k tra^ hut we must care iully dlisu 
tKBguish betwefm efieets and Canutes;; and the rescdts oT 
dtcnsical decompoaitifisi in iaoEcrt matter diflSer £ma thos^ 
ka the hving organism. The¥^etaUe niatter has lost 
tibe: vtmoflxf of organielKfe, and^ that gcme, thetendency 
of aQ things being to be resolmd itnt& their most simpte^ 
£aRiu^ a disuDKA el the demmtsr comBienees : osygenr, 
hydrogasir ^^ carbon pass off cither in the gaseous^ 
aib^ or SKS; water, whilst some carboii ia hbera^ in a 
^ery fiady^driided condition, and enters slowly into 
GcmihiBartian with oxyg^ai smpfiiitA by the water or tibe 
air;. Hj^vogencMs comiiounda are ail the same time 
SmuiA, and, undev aS these cimxmstances, aft in akl 
otihcar chemical phcaomena, au alteration of tempemtusre 
resultsL lieatresfiii]il» from the eh^xiical ehangei^ and 
eventually true combustioik hegiaa. 

The aaiiinali tisane na^p act ka the same way aa platina 
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has already been sho^ni to act in producing combinatioil 
between gases; but of this we have no proof. We 
know that electricity is capable of producing the 
required conditions, and we also learn, from the beau- 
tiful researches of Faraday, that the quantity of elec- 
tricity developed during decomposition is exactly equal 
to that required to effect the combination of the same 
elements. Thus it is quite clear that, during the com- 
bination of the carbon of the blood with the oxygen of 
the air, a large amount of electricity must become 
latent in the compound. The source of this we know 
not : it may be derived from some secret spring within 
the Uving structure, or it may be gathered from the 
matter surrounding it. There is much in nervous exd- 
tation which appears like electrical phenomena, and 
attempts have been frequently made to refer sqpsation 
to the agency of electricity. But these are the dreams 
of the ingenious, for which there is but little waking 
reality. 

Every mechanical movement of the body occasions 
the development of heat ; every exertion of the muscles 
produces sensible warmth ; and, indeed, it can be shown 
by experiment that every expansion of muscular fibre is 
attended with the escapd of caloric, and its contraction 
with the absorption of it. There are few operations of 
the mind which do not excite the latent caloric of the 
body, and frequently we find it manifested in a very re- 
markable manner by a suddenly-awakened feeUng. The 
poet, in the pleasinre of creation, glows with the ardour 
of lus mind, and the blush of the innocent is but the 
exhibition of the phenomenon under some nervous ex- 
citation, produced by a spirit-disturbing thought. Thus 
we see that the processes of digestion and respiration 
are not the only sources of animal heat, but that many 
others exist to which much of the natimd temperature 
of the body must be referred. 

So much that is mysterious belongs to the phenomena 
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of life^ that superBtition has had a wide scope foi* the 
exercise of its influence ; and through all ages a powerful 
party of mankind have imagined that the spirit of 
human curiosity must be checked before it advances to 
remove the veil from any physiological causes. Hence 
it is that even at the present day so much that stands 
between what^ in our ignorance, we call the real and the 
supernatural, remains uninvestigated. Even those men 
whose mind are sceptical upon any development of the 
truths of great naturial phenomena, — who, at all events, 
will have proof before they admit the evidence, are 
ready to give credit to the grossest absurdities which 
may be palmed upon them by ingenious charlatans, 
where the subject is man and his relations to the 
spiritual world. 

Man, and the races of animals by which he is sur- 
rounded, present a very striking gi^up, consider them 
in whatever Ught we please. The gradual improvement 
of organic form, and the consequent increase of sen- 
sibility, and eventually the development of reason, are 
the grandest feature of animated creation. 

The conditions as to number even of the various 
classes are not the least remarkable phenomena of life. 
In the lowest orders of animals, creatures of imperfect 
organization, — consequently those to whom the condi- 
tions of pain must be nearly unknown, — ^increase by 
countless myriads. Of the i^ria and other beings, 
entire mountains have been formed, although micro* 
scopes of the highest powers are required to detect an 
individual. Higher in the scale, even among insects, 
the same remarkable conditions of increase are observed. 
Some silkworms lay from 1,000 to 2,000 eggs; the 
wasp deposits 3,000; the ant from 4,000 to 5,000. 
The queen bee lays between 5,000 and 6,000 eggs 
according to Burmeister; but Kirby and Spence state 
that in one season the number may amount to 40,000 or 
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50,000. Bnt, abore all, the white ant {TermesfatalU} 
produces 86,400 egff^ eadi day, wkkh, eontiimmg foor a 
lunar mouth, gives the artcwuishing number of 2,419,200, 
a number far exceeding t^iat produced hy any known 
animal. 

These may appear like the statements in which a 
fictionist might indulge, bat they ave the sober truths 
discoTored by the most paimi-takmg and cautioiES 
observers. And it is necessary that such conditions, 
ahoold prevaiL These insects, and all the lower Ixibes 
of the animal kingdom, fnnush food for the more 
derated races. Thonsanda are bom in an hour, and 
millions upon miHians perish in a day. For Hie sup*^ 
port of organic life^ like matter is required ; and we 
find that the creatures who are destined to become the 
prey of others are so constituted that tJiey pass from 
Hie with a perfect unconscMrasness of suffering. As the 
animal creation adfances in siie and strei^^, their 
increase becomes limited: and thus they are porew&ted 
fiom m^t^mghrnr^he^ tbat dSnioa'^lie 
world which they would be enabled fironi tiiieir powers, 
to do, w^re their bands more numerous tiuok we now 
find them. 

Tb& oomparatiTe strength, too, of the insect tribes ha& 
efcr been a subject of wonder and of admiiatioii to the 
naturalist. The strength of these minute ereaiuies is 
enormous; their mmeular power, in relation to their 
siie, &r exceeds that ciway other animal. The grass- 
hopper will spring two hundred times idie kngtib of its- 
own body. The dragonfly, b^ its strength of wii^, will 
sustain itself in tine air far a kmg summer day with 
maabated speed. The house-fty makes six hundred 
8trdces witTite wings, which iiU cnrj it five feet, 
every second. The stag-beetle, weie it the siae of the- 
elephant, wooldbe able to tear up the largest mountains. 

Such are the wonders of the natural worlds from the 
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zoophyte^ growing like a flowering plant* upon an 
axis fUled with living pith — ^a small remove &om the 
conditions of vegetable Ufe^ upwards through the myriads 
of breathing things — ^to man^ we see the dependence 
of all upon these physical powers which we have been 
considerii^. 

To trace the effects of those great causes through all 
their mysterious phases is the work of inductive science ; 
and the truths discovered tend to fit us for the enjoy- 
ment of the eternal state of high intelligence to which 
every human soul aspires. 

That which the ignorant man calls the supernatural, 
the philosopher classes amongst natural phenomena.* 
The ideal of the credulous man becomes the real to him 
who will bend his mind to the task of inquiry* There- 
fore to attempt to advance our knowledge of the un- 
known, to add to the stores of truths is an employment 
worthy the high destiny of the human race. Kemem- 
bering that the revelations of natural science cannot in 
any way injure the revelation of eternal truth, but, on 
the contrary, aid to establish in the minds of the doubt' 
ing a firm conviction of its Divine origin and of man's 
high position, we need never fear that we are proceeding 
too far with any inquiry, so long as we are cautious to 
examine the conditions of our own minds, that they 
be not made the dupe of the senses. 

In the fairies of the hills and valleys, in the gnomes 
of the caverns, in the spirits of the elements, we have 
the attempts of the mind, when the world was young, 
to give form to the dim outshadowings of something 
which was then felt to be hidden behind external 
nature. 

In the Oread, the Dryad, and the Nereid, we have, in 
like manner, an embodiment of powers which the poet- 
philosopher saw in his visions presiding over the moun- 

* A General Outline of the Animal Kingdom: by Thomas Ky mar 
Jones, p. 04, et seq. 
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tain^ the forest, and the ocean. Content -with these, 
invested as they were with poetic beauty, man for ages 
held them most religionsly sacred ; but the progress of 
natural science has destroyed this dass of creations. 
'^ Great Pan is dead/' but the mountams are not voice- 
less; they speak in a more convincing tone; and, 
instead of the ear catching the dying echo of an obscure 
truth, it is gladdened with the foil, clear note of nature 
in the sweetest voice proclaiming secrets which wcnre 
unknown to the dreams of superstition. 
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CHAPTER XVL 

GENERAL CONCLUIIONS.' 

The Changes prodoeed cm Pfaysicot Pbenomena by the More^ 
ment of the Bolar ^yBtem oonddered-^Exertion of the 
Physical Forces through the Celestial Spaces — The Balance 
of Powers — ^Varieties of Matter — Extension of Matter — 
Theory of Nonentity— A Material Creation an indisputable 
fact^Adrantages of the Study of Sci^noe^Oonclusion. 

TVs hare examined terrestrial phenomena under many 
of the harmonioos conditions which^ with onr limited 
intelligence^ we can reach by the aid of science. From 
the first e3thibition of force, in the cohesion of two 
atoms, onward to the full development of organic form 
in the highest order of animals, we hare observed 
istrange influences. We have seeti the solitary molecule 
invested with peculiar properties, and r^ulated by 
mighty forces; we have learned that the modes <^ 
motion given to this beautiful sphere produce curious 
changes in the'operation of these powers ; and we may 
with safety infer that every atom constituting this globe 
is held in wonderful suspension against every atom of 
every star, in the celestial spaces, even to that bright 
orb in the centre of the Pleiades, around which the 
entire system of created worlds is supposed to roll. 

As wi^ move around our own su^^in the limited 
period of 365 days, and round our own axis in 34 hours 
— we experience transitions from heat to cold, depend* 
ent upon our position in regard to that luminary and 
the laws which regulate the reception and retention of 
certain physdcal forces. May we not therefore conclude. 
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tnthout being chaxged with making any violet deduc 
tion^ that in the great revolution of our system around 
the centre of space^ we are undergoing gradual changes 
which are essential to the great scheme of creation, 
though at present incomprehensible to us? 

In our consideration of the influence of time on the 
structure of the earth as we find it^ we discovered that, 
in ages long past, the v^etation of the tropics existed 
upon these northern parts of the globe ; and geological 
research has also proved that over the same lands the. 
cold of an arctic winter must have long prevailed — ^the 
immense glaciers of that period having left the marks of 
their movements upon the face of the existing rocks.* 
We know that during 3,000 years no change of tem- 
perature has taken place in the European climate. 
The children of Israel found the date and the vine 
flourishing in Canaan; and they exist there still. 
Arago has shown that a trifling alteration of tempera^ 
ture would have destroved one or the other of these 
fruit-bearing trees, since the vine will not ripen where 
the mean temperature of the year is higher than 84°, or 
the date flourish where it sinks below that degree. 

'How immense, then, the duration of time since these 
changes must have taken place ! The 43^,000 years of 
Oriental mythology is a period scarcely commensurable 
with these eflfects ; yet, to the creature K>f three-score 
years, that period appears an eternity. The thirty-three 
millions of geographical miles which our solar system 

-:« **As to the polishing and grooving of hai'd rocks, it has lately 
been ascertained that glaciers give rise to these effects when 
pushing forward sand, pebbles, and rocky fragments, and causing" 
them to grate along the bottom. Nor can there be any doubt that 
icebergs, when they run aground on the floor of the ocean, impiint 
similar marks upon it" — Principles of Geology^ or the modern 
changes of the Earth and its Inhabitants considered as illustratire 
qf Geology: by Charles Lyell, M.A., F.R.S. Travels throvgh the- 
Alffs of Savoy, and other parts of the Pennine Chain, with Obser- 
vations on the Phenomena of Glaciers : by James D. Forbes, F.R.S^ 
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traverses amiTially^ if multiplied by three thousand years, 
diuring which we know no change has taken place, give 
us 99,000,000,000 as the distance passed over in that 
period. How wide, then, must have been the journey 
of the system in space to produce the alteration in the 
physical powers, by which these changes have been 
eflfected ! 

We have an example, and a striking one, of the varia- 
tions which may be produced in aU the physical con- 
ditions of a world, in those disturbances of Uranus which 
led to the discovery of Neptune. For thirty years or 
more cei*tain perturbations were observed in this distant 
planet, the discovery of Sir William Herschel, and 
calculation pointed to some stiU more remote mass of 
matter as the cause, which has been verified by its actual 
discovery. But now Uranus is at rest ; — quietly that 
star progresses in its appointed orbit, — ^Neptune can no 
longer, for the present, cau^e it to move with greater or 
less rapidity — ^they are to6 remote to produce any sensible 
influence upon each other. Consequently, for thirty years, 
it is evident, phenomena must have occurred on the surface 
of Uranus, which can be no longer repeated imtil these 
two planets again arrive at the same positions in their 
respective paths which they have occupied since 1812. 
These considerations assist us in our attempts to com- 
prehend infinite time and space ; but the human mind 
fails to advance fax in the great sublimity. 

Through every inch of space we have evidence of the 
exercise of such forces as we have been considering. 
Gravitation chains world to world, and holds them all 
suspended from the mystic centre. Cohesion binds 
every mass of matter into a sphere, while motion exerts 
a constant power, which tends to alter the form of the 
mass. The earth's form — a, flattened spheroid — the 
rings of Saturn and of Neptune are the consequences 
of motion in antagonism to cohesion. Heat, radiating 
from one planet to another, does its work in aU, giving 
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variety to matter. Light seeks out every irorld— each 
trembling star tells of the mystery of its presence. 
Where Ught and heat are^ chemical action^ as an 
associated power^ must be present ; and electricity 
must do its wondrous duties amongst them all. Modi- 
fied by peculiar properties of matter, they may not 
manifest themselves in phenomena like those of our 
terrestrial nature ; but the evidence of light is a sufficient 
proof of the presence of its kindred elements ; and it i» 
difficult to imagine all these powers in action without 
producing some form of oi^anization. In the rounded 
pebble which we gather from the sea^shore, in the me- 
dusa floating bright with all the beauty of prismatic 
colour in the ^tm-Ut sea, — ^in the animal, mighty in his 
strength, roaming the labyrinthine forests, or, great in 
intelligence, looking from this to the mysteries of other 
worlds, — ^in all created things around us, we see direct 
evidence of a beautifiil adjustment of the balance of 
forces, and the harmonious arrangemoit of pro{)erties. 

One atom is removed from a mass and its character 
is changed ,* one force being rendered more active than 
another, and the body, imder its influence, ceases to be- 
the same in condition. The regulation- which disposes 
the arrangements of matter on this earth, must exist 
through the celestial spaces, and every planet bears the 
same relation to every other glittering mass in heaven^s 
overarching canopy^ as one atom bears to another in the 
pebble, the medusa, the lion, or the man. An indis- 
soluble bond unites them all, and the grain of sand 
which lies buried in the depth of one of our primary for- 
mations, holds, chained to it by these all-pervading 
forces, the uncounted worlds which, like luminous sand, 
are sprinkled by the hand of the Creator through the 
universe. Thus we advance to a conception of the one- 
ness of creation. 

The vigorous mind of that immortal bard who sang 
''of man^s first disobedience/' never, in the highest 
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rapture^ the holiest trance of poetic conception^ dreamed 
of any natural truths so sublune as those which science 
has revealed to us. 

The dependence of all the systems of worlds upon 
each other, every dust composing each individual globe 
being ^^ weighed in a balance/^ the adjustment of the 
powers by which every physical condition is ordered, the 
disposition of matter in the mass of the earthy and the 
close relation of the kingdoms of nature, — are all reve- 
lations of natural truths^ exalting the mind to the divine 
conception of the universe. 

There is a r^narkable antagonism displayed in the 
operation of many of these forces. Gravitation and 
cohesion act in opposition to the repellent influences of 
caloric. lAsht and heat are often associated in a very 
remarkable\anBer; but they are certainly in liS 
radiant states in antagonism to chemical action^ whelh^ 
produced by the direct agency of actinic force, or through 
the intermediate excitement of the electrical current.* 
And in relation to chemical force, as manifested in or- 
ganic combinations, we have the all-powerful operation 
of LIFE preventing any exercise of its decomposing 
power.f As world is balanced against world in the 

* This may be readily proved by the foUowiiig simple but in- 
structive experiment: — Take two pairs of watch-glasses ; into one 
J)air put a solution of nitrate of silver, into the other a weak so- 
ution of iodide of potassium ; connect the silver solution of each 
pair with the potash one by a film of cotton, and caiTy a platina 
wire from one glass into the other. Place one series in sunshine, 
and the other in a dark place. After a few houi's it will be found 
that the little galvanic arrangement in the dark will exhibit, around 
the platina wire, a very pretty crystallization of metallic silver, 
but no such change is ooservable in the other exposed to light. 
If a yellow glass is interposed between the glass and the sunshine,, 
the action proceeds as when in the dark. This experiment is 
naturally suggestive of many others, and it involves some most 
important considerations. 

f In cases of violent death it is often found the gastric juice 
has, in a few hours, dissolved portions of the stomach. — Dr. Budd's 
Lecture before the College of Physicians. 
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universe^ so in the human fabric, in the vegetable struc- 
ture, in the crystallized g^n, or in the rude rock, force 
is weighed against force, and the balance hangs in tran- 
quillity. Let but a slight disturbance occcasion a vibra- 
tion of the beam, and electricity shakes the stoutest 
heart with terror, at the might of its de^^sistating power.* 
Heat melts the hardest rocks, and the earth trembles 
with volcanic strugglings; and actinic agency, being 
freed from its chains, speedily spreads decay over the 
beautiful, and renders the lovdy repulsive. 

We know matter in an infinite variety of forms, from 
the most ponderous metal to the lightest gas ; and we 
have it within our power to render the most solid bodies 
invisible in the condition of vapour. Is it not easy, then, 
to imderstand that matter may exist equally attenuated 
in relation to hydrogen, as that gas itsdf is, when com- 
pared with the metal platinum? A doubt has been 
raised against this view, from the difficulty of accounting 
for the passage of the physical elements through solid 
masses of matter. If we, however, remember that the 
known gases have the power of transpiration through 
matter in a remarkable degree,t and that the passage of 
water through a sieve may be prevented by heat, it will 
be at once apparent that the permeation of any radiant 
body through fixed solid matter is entirely a question 
of conditions. 

We can form no idea of the size of the ultimate atom ; 
we cannot comprehend the degree of etherealization to 
which matter may be extended. Our atmosphere, 
we have seen, is only another condition of the same 
elements which compose all the organized forms of 
matter upon the earth, and, at the height reached by 
man, it is in a state of extreme attenuation. What 

♦ Faraday's Ewperimental Researches, vol. L; from which a 
quotation has abreadj been made, showing the enormous quantity 
of electricity which is latent in matter. 

f On the Motion of Chues : by Professor Graham, F.B.S.— Phil, 
'^rans., vol. cxxxvi. p. 573. 
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mnst be its condition at the distance of forty miles &om 
the earth? According to known laws, certain phe- 
nomena of refraction have led ns to set these bounds to 
the matter constituting our globe : but it may exist in 
such a state of tenuity, that no philosophical instrument 
constructed by human hands could measure its refracting 
power ; and who shall declare with certainty that matter 
itself may not be as far extended as we suppose its 
influences to be ? 

" Hast thou perceived the breadth of the earth ? de« 
dare if thou knowest it all. 

^^Knowest thou the ordinances of heaven? Canst 
thou set the dominion thereof in the earth ?^* 

A cheerless philpsophy, derived from the transenden- 
talism of the German schools, by an unhappy metaphy- 
sical subtlety, and grafted upon what professes to be a 
positive philosophy, but wUch is not so, is spreading 
amongst us, and would teach us to regard all things 
B& the mere exhibition of properties, a manifestation 
of powers; it believes not in a material creation. 
The grandeur of the earth, and -the beautifrd forms 
adorning it, are not entities. Yonder exquisite specimen 
of the skill of man, in which mind appears to shine 
through the marble, — ^that distant mountain which 
divides the clouds as they are driven by the winds across 
it, — ^those trees, amid whose branches the birds make 
most melodious music, — ^this flower, so redolent of per- 
fume, so bright in colour, and so symmetric in form,— 
and that lovely being who, a model of beauty and 
grace, walks the earth an impersonation of love and 
charity bl^ided, making, indeed, ^^a sunshine in a 
fihady place,'' are not realities. Certain forces combine 
to produce efiects, all of which unite to deceive poor 
man into the belief that he is a material being, and 
the inhabitant of a material world. There may be 
ingenuity in the philosophy of this school ; its meta- 
physics may be of a high order; but it evidently 
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advances from the real to the ideal with such rapidity, 
that every argument is based on an assumption without 
a proof; every assumption being merely a type of the 
philosophy itself,— a baseless fabric, a transcendental 
vision. 

A material creation surrounds us. This earth, 
all that it contains, and the immense hosts of stellar 
worlds, are absolute entities, surroimded with, and in- 
terpenetrated by, certain exhibitions of creative intelli- 
gence, which perform, according to fixed laws, the 
mighty labours upon which depend the infinite and 
eternal mutations of matter. The origin of a grain of 
dust is hidden from our finite comprehensions ; but its 
existence should be a source of hope, that those minds 
which are alowed the privilege of tracing out its mar- 
veUous properties,— of examining the empyreal prin- 
ciples upoli which its condition, as a grain of dust, 
depends,— and even of reducing these giant elements to 
do our human bidding, — ^may, after a period of proba- 
tion, be admitted to the enjoyment of that infinite 
power to which the great secrets of creation will be 
unveiled. 

Every motion which the accuratesearch of the experi- 
mentalii9t has traced, every principle or power which the 
physicist has discovered, every combination which the 
chemist has detected, every form which the naturalist 
has recorded, involves reflections of an exalting character, 
which constitute the elements of the highest poetry. The 
philosophy of physical science is a grand epic, the record 
of natural science a great didactic poem. 

To study science for its usefiil applications merely, is 
to limit its advantages to purely sensual ends. To 
pursue science for the sake of the truths it may reveal^ 
is an endeavour to advance the elements of human 
happiness through the intelligence of the race. To 
avail ourselves of facts for the improvement of art and 
manufactiu^s, is the duty of every nation moving in the 
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advance of civilization. But to draw from the great 
truths of science intelligible inferences and masterly 
deductions, and from these to advance to new and beau- 
tiful abstractions, is a mental exercise which tends to 
the refinement and elevation of every human feeling. 

The mind thus exercised during the mid-day of life,, 
will find in the twilight of age a divine serenity ; and, 
charmed by the music of nature, which, like a vesper 
hymn poured forth from pious souls, proclaims in devo- 
tion^s purest strain the departure of day, he will sink 
into the repose of that mysterious night which await* 
us all, tranquil in the happy consciousness that the sun 
of truth will rise in unclouded brilliancy, and place hitii 
in the enjoyment of that intellectual light, which ha* 
ever been among the holiest aspirations of the human 
race. 

The task of wielding the wand of science, — of standing 
a scientific evocator within the charmed circle of it* 
powers, is one which leads the mind through nature up 
to natiire^s God. 

Experiment and observation instruct us in the dis- 
covery of a fact; — that fact connects itself with natural 
phenomena, — the ultimate cause of which we learn from 
Divine revelation, and receive in full belief, — but the 
proximi^te causes are reserved as trials of man^s intelli- 
gence ; and every natural truth, discovered by induction, 
enables the contemplative mind to deduce those perfect 
laws which are exemplifications of the fresh-springing 
and all enduring Poetry of Science. 
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Absorption of heat by air, water, 
and earth, 74. 

— of light, 125. 

Acalephee, or phosphorescent animals, 

887. 
Actinism, 166. 
>- prodDcing chemieal change, 174* 

— and light antagonistic, 177* 
— >, iufluence of, on plants, 372. 
Action of ^reBeaot-^QgialyMf 280. 
'* Active principles" of Newton, 11. 
Adams on planet Neptnne, 32. 
Adiathermic bodies, 95. 

^real currents dependent on heat, 80. 

~^ chemical, 274. 

Affinity, 292. 

Age of the world, 404. 

Aggregation, attraction of, 48. 

— , crystalline, 58. 

Agonic lines, 244. 

Air, absorption of heat by, 74. 

— density of the, 319. 
Alchemy, Nature's, 293. 
Aldini on animal electricity, 393. 
Allotropic conditions of atoms, 43. 
Allotropism, 830. 

Allotropy, 291. 

Alum, opacity to heat rays, 65. 
Alpinus' theory of matter, 47.^ 
Ammonites of the lias, 341. 
Ammoniacal amalgam, 325. 
Ampere's theory of magnetism, 239. 
Analogy, dangers of reasoning by» 152. 
Ancients' knowledge of magnetism, 

235. 
Animals, phosphorescence of, 13^. 

— respiration of, 310. 
-r articulated, 388, 
Animal magnetism, 267. 


Magnetic electricity, 211, 392. 

— life, progress of, 838. 
— , phenomena of, 388. 

Arago on the surface of the sun, 123^ 

— on copying the Egyptian temples^ 

177. 

— on magnetic variation, 246. 
Arbor Diana — silver tree, 26 1. 
Aristotle on motion, 10. 
Atmosphere, uses of the, 310. 
Atmospheric refraction, 322. 
Atomic theory, 278. 

— volumes, 287. 

Atoms, allotropic state of, 43. 
Atom, the organic, 360. 
— , ultimate size of, 408. 
— , the, and its powers, 3. 
Attraction, chemical, 275. 
Aurora of the sun, 186. 

Back's account of Aurora, 249. 
Balance of forces, 14. 
Bartolin on Iceland spar, 140. 
Beccaria, Father, on phosphorescence, 

160. — -^.v: 

Benouerel's experiments on electricity,. 

227. 

— ou ozone, 300. 

Bell on the n^rvt's, 391 . 
Belemnites, 341. 
Berkeley, Bisiiop, on motion, 10. 
Bei-zelius on allotropy, 44* 
j — on catalysis, 281. 
Biela's comet, 26* 
Biot on polarization, 145. 
Bolognian stone, 161. 
Bouguer on the absorption of light by 

the atmosphere, 126. 
Boutigny on heat, 107. 
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Boletttt igniaritts^ 102. ' 

Boyle on motion, 9. 
Brain and nerves, 391. 
Brahminical philosophy, 245. 
Brewster, Sir D., refers magneiism to 
the Bas» 263. 

— on magnetism, 247. 
Brown's doctrines of life, 395. 
Butterfly, metamorphosis of, 389. 

Caionard de la Tour state, 106. 
Calorific transparency, 66. 

— inflacDce on plants, 876. 
Calotype, the, 174. 
Canton's photpbOTOs, 161, 
Carbon, allotropic state of, 43. 
Carboniferoas plants, fossil, 389. 
Carbonic acid, solid. 111. 

— quantity in atmosphere, 311. 
Cassini on magnetic variation, 246. 
Catalysis, 280. 

Cell, organic, 361. 

Cellini, Benvenuto, on tbe carbnncle, 

159. 
Central sun, doctrine of a, 27. 
Changes, physical, 290. 
Chemical phenomena derdoping heat, 

42. 

— decomposition produciiig heat, 97. 

— combination by heat, 98. 

— affinity suspended by heat, 109. 

— radiations, 166. 

— power of solar rays in the Tropics, 

177. 

— agency of luminous rays, 178. 

— action influenced bv magnetism, 
262. 

— forces, 270. 

— elements, 272. 

— proportions, 286. 
•-^ metamorphoeea, 289. 
-*- phenomena, 295. 

— composition of atmosphere 32?. 

— rays, action of, on gerRifBatioD,376. 
Chemistry, Blectro, 206. 

— of Nature, 270. 

— Animal, 896. 

Chinese knowle^ of magnet, 236. 


Cblorophylle, formation of, 373. 

Chloride of sulphur, transparency of, 
to heat, 65. 

Chlorine and hydrogen combine by 
light, 171. 

CUorxne Sn the ocean, 303. 

Cholera and electricity, 215. 

Choroid coat, the, 149. 

Chromatic lines on the earth, 133. 

Clay converted into slate by elec- 
tricity, 227. 

Climate of the earth, 360. 

Clock, Electrical, 233. 

Coal formation, theory of, 314. 

Cohesive force opposed to gravitation, 
83. 

Cohesion and gravitation, 49. 

— distinguished from crvstallization, 
51. 

Cold, extreme, 110. 
Colour of bodies, 132. 

— changes of, in chemical combi- 
nations, 290. 

— blue, of sky, 820. 

— of steam, 321. 

Colours, Newton's theory of, 135. 
Coloured heat rays, 86. 
Combining equivalents, 273. 

— forces, 292. 
Cdmbination, laws of, 286. 

— of forces, 880. 
Combustion, 305. 
Comets, 26. 

Condensation of gwes, 290. 
Conduction of beat, 69. 
Conducting power of bodies for hcit, 

89. 
Condition, change of chemical^ 271. 
Conversion of motion, 16. 
Convection of heat, 69. 
Cotyledons, nse of the, 368. 
Conlomb on r^Ision of attorns, 47. 
(/featioB, oneneMof^ 406* 
Cretaceomr formattmn, 344. 
Crosse on electricity, 227. 
Crustaceans, metamorphoses of, 389. 
Crust of the earth, 383. 
Ci7stals, pseudomorphotts, 64. 
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Crystals, size of, 56. 
Crystallogenic forces, 50. 
Crystslliue bodies, magnetic iofiaence 

of, 260. 
Oudworth's "PlMtic Nature," 10. 
Current, electric, speed of, 231. 
— , electricity, mtgnetie^ 239. 
"Crystallizaticm, 50. 
Cultivation, limits of, 379. 
Cnrreuts of eieelricity around the 

earth. 224. 
Cyanite, a true magnet, 48. 

Daguerre^s discovery, 170. 
Daguerreotype, the, 172. 
Bait on on Aurora Borealis, 248. 
•^ on liquefaction, 287- 
Dalton's atomic theory, 278. 
Daniel on ineandesoence, 100. 
Dark lines of spectrum, 125. 
Darwin on sea-weeds of the Sontheni 

Ocean, 316. 
Davy, Sir H., on the elements, 328. 

— on flame, 307- 

— discovers the alkaline metals^ 825. 
Decomposition, deetro-cbemical, 208. 
De la Tour, Cagniard's cxpenmenti, 

105. 

Dularocfae on heat, 93. 

Density of the earth, 31. 

Development, animal, 384 

Dew, formation of, 81. 

Diamond, allotropic caiiioB, 43. 

— , phosphoreseence of, 160. 

Diamagnetism, 253. 

Diamagnetie nature of gases, 259. 

Diathermic bodiesi,' 94. 

Diffusion of gase% 823. 

Digestion a cause of heat, 105. 

Dip of magnetic needle^ 247. 

Dimorphism in erystals, 55. 

Directive power of a magnet on crys- 
tals, 261. 

Distribution of elcBcnti, d28w 

Divisibility of matter, 38. 

Doebereiner's lamp, 281. 

Dispersion of light, 1 29. 

DrajKT on incandqiecace, 100. 


Dumas on atoms, 39. 
Dast, a grain of, 2. 

Earth, physical, the, 1. 

— density of, 31. 

— the revolution of the, 77. 

— , geological formation of, 333. 
Earth's, motion, 11, 

— temperature dependent on the 
sun, 63. 

Effects produced by loss of heat, 69. 
Eggs, number of, laid by insects, 399. 
Elective affinity, 292. 
Electricity, 193. 

Electricity and light influencing crys- 
tallization, 57. 
~, kinds of, 195. 
, — contained in water, 203. 

— developed by diemical action, 204.' 
— , velocity of, 231. 

— of plants, 380. 

Electric condition of matter, 5. 

— telegraph, the, 231. 

— affinity, 275. 

Electrical phosphorescence, 160. 

— action influenced by actinism, 183* 

— radiations, 190. 

— clock, 233. 
Electro-chemistry, 206. 
Electro culture, 223. 
^ectrotype, the, 229. 
Electro'chemical deoompositioa, 208. 
Electro-magnetism, 240. 
Electrum, 193. 

Elements, chemical, 37, 272. 
— , atmospheric, 325. 
— . interchanges of, 819. 
Englefield on heat rays, 67. 
Eocene formations, 34^ 
Equinoxes, precession of the, 244. 
— , the yeroal and aatnmoal, 77* 
Epicurus' hooked atom, 48. 
Epipolic phenonKBa^ 129. 
Ereraaeanaii, 105. 
Ether, hypothesis of an, 120. 
Examples of crystallisation, 59. 
Expansion of bodies by heal, 96. 
Eye, meehaniam o^ 491. 


416 


INDEX. 


Faradat on MagDetiim of CiTitals, 
59. 

— - oa BoHdification of gases, 112. 

— on magnetisation of light, 147* 
«— on the gymnotns, 211. 

•» on dia-magnetism, 254. 

Ferro>magneiic bodies, 255. 

Fish Lizard, the, 841. 

Fixed stars, light of, 122. 

mint glass, permeability to heot, 65. 

Flora, fossil, 845. 

Flowers, influences of, 817. 

Fluid, magnetic theory of. 252, 

Flnoreseence of light, 130. 

Forbes, Prof. Jas.. on vibrations of 

heated metals, 97. 
Forbes, Prof. Edward, on zones of 

life in the ocean, 127. 
Forbes on colour of st-enin, 321. 
Force producing motion, 9. 

— a cause of motion, 17. 

— molecular, 40. 

— of crystallization, 61, 
Forces, active, in matter, 3. 

— balance of, 14. 

— in antagonism, 407» 
Form, change of, 2. 

— of surface, influence of, on cli- 
mate, 351. 

— variety of vegetable, 359. 
Foster describes Northern Lights, 249* 
Fox, R. W., on temi)erature of Cor- 
nish mines, 91* 

Franklin on atoms, 47. 
Franklin's kite experiment, 214. 
Freezing mixtures, 110. 
Freezing, remarkable phenomena of, 
112. 

— of water, 302. 
Friction, 17. 

Frictional electricity, 199. 
Fraunhofer*s dark lines, 125. 
Franklin's experiment on heat, 75. 
Fusion influenced by pressurer^lO?* 

Galvanism, 201. 
Galvani's experiment, 201. 
Gases, condensation of, 111, 290. 


Oases, magnetism of, 259. 
Gaseous constitution, 817. 
Gauss's theory of magnetism, 243» 
Generation, spontaneous, 363. 
Geological phenomena, 332. 
Germ, Treviraiius on the, 861. 
Germination of seeds, 367. 
61ass,coloured, transparency to heat,65. 
Goethe's theory of colour, 139. 
Goethe on phospboiescenoe, 157. 

— on the leaf, 369. 
Graham's law of diffusion, 323. 
Gravitation, 21. 

Growth explained, 52. 
— , progress of, 364. 

— defined, 388. 

Grove decomposes water by heat, 03» 
Gulf stream, the, 81. 
Gnlielmini on crystallisation, 50. 
Gun cotton, 103. 
Gymnotus electricus, 211. 
Gyroscope, the, 14. 

Hanstken and Arago on Northern 

Lights, 248. 
Hansteen on magnetism, 244. 
Heat, solar and terrestrial, 62. 
— , conductors of, 90. 
— , rays absorbed by atmosphere, 6')^ 

73. 

— and light, their relations, 64. 
— , radiation of, 82. 

— rays, coloured, 85. 

— lessens chemi(»l affinity, 88* 

— latent, 101. 

— , decomposition by, 109, 276. 
— , scientific knowledge of, 114. 

— developed by combustion of wood 
equivalent to heat absorbed in 
growth, 116t 

— , influence of, on magnetism, 24U 

— action of, on water, 302. 

— , influence of on plants, 371. 

— essential to life, 395« 
Heliography of M. Niepce, 170. 
Herbivorous animals, 315. 
Herschel on the nebulse, 24. 
Herschel, Sir W., on heat rays, 67* 
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Hobbes on the properties of matter, 8. 
Hopkins on the temperature of fu- 
sion, 107. 
Hnyghens on double refraction, 140. 
Hydra, the, 387. 
Hydrogen, peroxide of, 208. 

— and oxygen, 289, 297. 
Hydro-carbons, 297. 
Hydro-carbon compounds, 308. 
Hypnotism, Mr. Braid on, 269. 

IcjB, 801. 

Ichthyosaurus, the, 341. 

Igneous rocks, 335. 

Ignition by chemical action, 102. 

Iguanodon, the, 343. 

Incandescence, temperature of, 69-100. 

Influences of matter on heat, 79. 

Infusoria and animalculee, 387. 

Interference of light, 138. 

Intensity, magnetic, 247. 

Invisible light, Moser on, 188. 

Iodide of silver found natural, 304. 

Iodine, 304. 

Iridescent paper, 137. 

Iron, magnetic, 235. 

— , soft, rendered magnetic, 241. 

— , rusting, 306. 

Isomeric compounds, 291. 

Isomorphism, 290. 

Isothermic lines, 92. 

Isodynamic lines, 247. 

Jones, Bymer, on sponges, 345. 
Joule on anhydrous salts, 287. 

— on heat and motion, 18. 

KiBCHE&'s Magnetism, 264. 
KupfEar on magnetic storms, 249. 

Lamination of clay by electricity, 226. 
Land and sea, alternations of, 840. 
Laplace's theory of the universe, 23. 
Latent heat, 101. 

Lavoisier's theory of combustion, 305. 
Law of gravitation, 80. 
Lawson, letter from Mr., on germina- 
tion of seeds^ 375. 


Leaf, the functions of the, 869. 

Leaves of plants, action on air of, 311 . 

Le Verrier on planet Neptune, 82. 

Leyden jar, the, 198. 

Lias formations, 341. 

Liebig and organic chemistry, 284. 

Life and light, 52. 

— , influence of light on, 153. 

— dependent on light, 164. 
— , vegetable, 362. 

— , mysteries of, 398. 
Light, 118. 

— essential to life, 39. 

— of flxed stars, 122. 
— , transparency to, 124. 

— y transmission o^ through difforent 

media, 128. 
— , absorption of, 125. 
— , interference of, 138. 
— , polarized condition of, 141. 
— , magnetization of, 146. 
— , artificial, 162. 
— , influence of, on plants, 373. 

— and heat, correlation of, 64. 
Lightning conductors, 215. 
Lindley on the leaf, 370. 
Lubbock, Sir J., on shooting stars, 22. 
Lodes, mineral, electricity of, 225. 
Luminous and octinic rays distin- 
guished, 176. 

Machine electricity, 209. 
Magellanic' clouds, 25. 
Magnetic curves, 236. 

— iron ore, 237. 

— polarity, 237. 

— points of convergence, 244. 

— poles of the ear^h, 245. 

— intensity, 247. 

— storms, 249. 

— lines of no variation, 248. 
Magnetism, 235. 

— induced, 238. 

— influenced by heat, 242. 
— , universality of, 253. 

— of gases, 259. 

— induced by solar, rays 263. 
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Magnetitm and deotrieity, oomLation 
. of, 289. 

— and erystnllisation, 67. 
Magneto-electrical decompo6ition,280. 
Magnetisation of light, 146. 
Mangauesiate of potash, 171* 
Mammalia, fossil, 843. 

Man, temperature of, 105. 

Mains on polarisation, 139. 

Mantell, Dr., on the ignanodon, 343. 

Mariotte on seat of vision, 149. 

Matter, its general conditions, 1. 

— , forms of, 21. 

— , transmutation of, 87* 

— , diTisibiUty of, 88. 

^— , solid, absorption of heat by, 7S* 

— , influence of, on light, 162. 

— , polarity of, 285. 

— and its properties, 409. 
— , entity of, 410. 

— , varied condition of, 86. 
Mayer'shypothesis of three oolour8,13 8 
Mechanism of the eye, 149. 
Media, influence of, on light, 128. 
MedussB, phosphorescence of, 159. 
Mechanical force and heat, 108. 
Mdloni on coloured heat rays, 85. 

— on new nomenclature for heat, 95. 
Mesmer and electricity, 222. 
Metamorphic rocks, 836. 
Metamorphoses of animals, 389. 
Mexico, Gulf of, warmth of the, 81. 
Mica, black, transparency to heat, 66. 
Miller, Dr. on dark lines of the spec- 
trum, 126. 

Mines, Cornish, temperature of, 91. 
Mineral veins, electricity of, 225. 
Miocene formations, 846. 
Mirrors, magic, 191. 
Mitscherlich on expansion of crystals 

by heat, 257. 
Molecular forces, 85, 40. 
— ^ compound action of, 279. 
Molecules, Dumas on, 89. 

— combination, 277* 

Morichini and Carpi on magnetism of 

violet rays of light, 263. 
Moser on invisible light, 189. 


Motion, 7. 

— a property of matter, 8. 
— , principles of, 10. 

— of the earth, 12. 

— round an axis shows the earth's 
motion, 18. 

— influence of, on form, 32. 
Mountain ranges probably determined 

by magnetic force, 262. 
Multiplieatum of Hfe, 899. 
Musical notes produced by heat, 97. 
Muscular contraction by decteidty, 

202. 
Muschenbrock of Leyden, 198. 
Mythology, ancient, probable origin 

of, 353. 

Natitsal polarization, 145. 
Nebulous state of matter, 23. 
Neptune, discovery of, 32. 
Newton on gravitating force, 49. 
Newton on motion, 9. 
Newton's hypothesis of matter, 4. 

— theory of heat, 115. 

— theory of light, 120. 

— theory of colours, 185. 

Niepce on the chemical radiation8,168. 
Nitrogen, magnetic neutrality of, 259. 
— t combinations of, 324. 
-r—, supposed metallic nature of, 325. 
Nocturnal radiation, 83. 
Northern lights, the, 268. 

Obsidian transparency to heat, 66. 

Ocean, waters of^ 303. 

Oersted discovers electro-maguetiBm, 

238. 
Orders of animals^ 386. 
Organic creation, influence, 185. 

— compounds, 288. 

— compounds, influence of light on 
them, 181. 

— chemistry, 331. 
•— eeU, 860. 

— remains, 887. 

Organized forms, varieties of, 85. 

— bodies, heat of, 104» 
Organization, prepress o/, 385. 
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Oxides, metallic, 326. 
Oxidizable metals, SOSi. 
Oxygen gaa magnetict 259. 

— and nitrogen, nses of« 321. 

— and carbon in animals, 396. 
Ozone, 299. 

— «nd electricity, 217. 

Palladium maintaining slow com- 

bnstion, 309. 
Paratbermic rays, 74. 

— rays, inflnence in nature, 377. 
Particles, Dnmas on, 39. 

Peach on pbospboreseenoe of the sea, 

159. 
Pearsall on phosphorescence, 160. 
Pendnlnm, oscillation of, indicates the 

earth's motion, 13. 
Perkins on repulsion of heat, 108. 
Permeation of heat, 96. 
Perturbations of Uranus, 31. 
Pestilential diseases, 216. 
Phenomena of vision, 148. 
— , natural, of electricity, 194. 
— y recent geological, 349. 
Phosphorescence of animals, 154. 

— of plants, 156. 
Phosphorescent spectrum, 184. 
Phosphoric acid detected in the oldest 

rocks, 337. 
Photosphere of the sun, 123. 
Photography, 170. 
— , its importance, 180. 
Physiological influences of electricity, 

219. 
Physical forces, action of, 4, 45. 

— forces, modes of motion, 7. 

— properties of polarized light, 142. 
Physiological influences of magnetism, 

268, 
Pilchard, on the, by Coach, 315. 
Plants, distribution of, dependent on 

Ught, 138. 
— f phosphorescence of, 156. 

— respiratioD of, 812. 

— and animals, dependence of, 313. 
— , growth of, 368. 

— bend to the light, 373. 

— distribution of, 378. 


Plants of the Tropics, 381. 

Plane polarization, 141. 

" Plastic nature" of Cudworth, 10. 

Plateau's experiment on bodies rdieved 
from gravitation, 33. 

Platinum maintaining slow combus- 
tion, 309. 

Plato on motion, 10. 

— on light, 119. 
Plesiosaums, the, 341. 
Pliocene formations, 346. 

Pliieker oncrystallo-magnelicforce,57. 

— on diamagnetic bodies, 256. 
Plumule, use of, 369. 
Plutoaic rocks, 334. 
Polarization, circular and elliptical, 

143. 
Polarization of light, 139. 
Polar condition of matter, 265. 
Polypes and infusoria, 387. 
Porosity of matter, 41. 
Porta, Baptista — camera obscura, 149. 
Powers, active, in nature, 405. 
Prevost, theory of, on heat, 96. 
Primary ori^n of our planet, 334. 
Principles of motion, \0. 
Prismatic refraction, 121. 

— rays, heat of, 67. 

— analysis of sunbeam, 134. 
Principle of gravitation, 29. 
— , elementary, 38. 
Properties, essential, of matter, 5. 
Pseudomorphism, 54. 
Psychology of flowers, 357- 
Pterodactyl, the, 342. 
Pythagorean doctrine of motion, 10. 

Quinine, solution, influence of, on 
Ught, 129. 

Radiant heat, 69. 

Radiation and absorption of heat, 77> 
— , nocturnal, 83. 
Raia torpedo, 211. 

Raymond, Du Bais, on animal elec- 
tricity, 221. 
Refrangibility, rays of high, 130. 

— of solar forces, 168. 

I Refraction, prismatic, 121. 


400 


INDEX. 


Raees, dependence of, 815. 
RepaUion of heat, 108. 
Bespiration of animals, 810. 
^ plants, 812. 

Best, absolnte and relative, 15. 
Bespiration a canse of heat, 105. 
Betina, the, 149. 
Bevelations of nature, 401. 
Bevolntion of magnetic poles, 246. 
Bobinson on decomposition by heat, 

98. 
Bock formations, 385. 
Bocks, conducting power of, 224. 
Bosse's, Lord, telescopes, 25. 
Bnmford, Count, experiments on heat, 

18. 

— on chemical properties of light, 
99. 

Bings, Newton's, 187. 

Safety lamp of Da?y, 809. 

Salt rock, transparency to heat, 65. 

Saturn's ring explained, 34. 
, Savart on vibrating plates, 257. 
V^*" Seasons, influeuce of heat on the, 70. 
'«^^ Sea, phosphorescence of, 158. 

Schdnbein oql ozone, 299. 

Schwabe on solar spots, 248. 

Seebeckonthermo-electricit7,311,248. 

Selenite and alabaster, 60. 

S^narmont on condacting power of 
crystals for heat, 257. 

Shooting stars, 21. 

Silicon, allotropic state of, 43. 

Silica, substitution of, 345. 

Simple bodies, chemical, 329. 

Sky of tropical climes, 819. 

Slow combustion in animals, 397. 

Smee on electricity and vitality, 219. 

Solar system, motion of, 11. 

— disc, light from, 185. 

— influence on magnetism, 268. 
Solidification of gases by Paraday, 

112. 
Solstices, summer and winter, 77. 
Solar spots connected with magne. 

tism, 243. 
Solar phosphori, 161. 


Somerrille, Mrs., magnetises needles 
by light, 263. 

Sound and light, analogy of, 151. 

Spectra produced by polarization of 
light, 144. 

Speetram, dark lines of, 125. 

Spheroidal condition of fluids, 107.* 

Spontaneous ignition, 307. 

Stahl on phlogiston, 805. 

Stars, shooting, theories of, 21. 

Steel ornaments incandescent, 137* 

Stereoscope, the, 151. 

Stokes, Prof., on fluorescence, 130. 

Stratified formations, 834. 

Substitution, chemical, 279. 

— , kw of, 288. 

Snbstanees, all, electric, 197. 

Subterranean temperature, 91. 

Sulphuric acid, permeability to heat, 
65. 

Surfiices, action of, 282. 

StreuKth of animals, 400. 

Structure, influence o^ on magnetism, 
256. 

— , relation of, to physical pheno- 
mena, 257. 

Struv^ on motion of solar system, 12. 

Sulzar on galvanism, 201. 

Sulphuretted hydrogen, solid. 111. 

Sun, the central, 28. 

— , the source of light, 121. 

— , physical state of the, 128. 

— , a magnetic centre, 265. 

Tadpole, metamorphosis of, 389. 
Talbot's sensitive photogrmphie proeess, 

178. 
Telegraph, electric, 231. 
Temperature of incandescence, €3. 
Temperature, subterranean, 91. 
Terrestrial currents of electricity, 224. 
— magnetism, 255. 
Thales of Miletus discovers deetridty, 

198. 
Theories of light, 86, 118. 
Thermography, 188. 
Thermometric examination of tbe 

temperature of flowers, 76. 
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Thenno-eleotricity, 209. 

Theory of motion prodacing force, 15. 

Thilorier on solid carbonic acid. 111. 

Time, influence of, 332. 

Tissues, catalytic power of, 310. 

Toarmaline, action of, on ^ght, 142. 

Trade winds, 81. 

Transition series of rocks, 336. 

Transparency, calorific, 67. 

— , luminous, 124. 

Transmutation of matter, 37. 

Transmission of light, 128. 

Transcalescent bodies, 94. 

Trevelyan, Mr., on vibration of heated 
metals, 97. 

Tyndale proves the influence of struc- 
ture on magnetism, 258. 

Ty^, elements of the organic, 289.. 

Undulations producing colour, 131. 
XJndnlatory theory of heat, 115. 
— theory of light, 121. 
Uranus, discovery of, 31. 
Uranium glass, influence of, on light, 
129. 

Vapouk, elastic force of, 318. 
Variation, magnetic, 244. 
y^etables conductors of electricity, 

379. 
Vegetable life, phenomena of, 357. 
Vegetation of carboniferous epoch, 339. 
Velocity of electricity, 231. 
Vertebrate animals, 390. 


Vision, phenomena of, 148. 

Vis vits, vital principle, 391. 

Vision single with a pair of eyes, 150. 

Vitality superior to physical force, 53. 

Vision, seat of, 149. 

Volume, doctrine of, 287. 

Volcanic action referred to chemical 

action, 271. 
Volatilization of matter, 27. 
Voltaic dectridty, 201 . 

Water, absorption of heathy, 74. 

— frozen free of air, 112. 

— free of air, peculiar state of, 118. 
— , electricity in a drop of, 204. 

— composition of, 296. 
Wargentin's notice of aurora, 248. 
Wave movement of heat and light, 

68. 

Wealden formations, 343. 

Wedgwood on incandescence, 100. 

Wells, Dr., on dew, 84. 

Wiedman on electrical vibrations, 257. 

Wenzel's proportional numbers, 277. 

Winds dependent on heat, 80. 

Wollaston notices dark lines in spec- 
trum, 125. 

World, its age, 404. 

YouNQ on molecular forces, 49. 

Zodiacal light, 25. 
Zoophytes, microscopic, 387. 
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or bound. 


FINE ARTS, ARCHITECTURE. SCULPTURE, PAINTING, HERALDRY, 
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ANGLER S SOUVENIR. Teap. Sto, •mhellUhed with npwardi of 60 beantlftil Rnn«Tinn oa 
Steel by Rrckwith and Topham, and bundredi of eugraved Bordera. every paire bcins lur- 
founded (pub. at IJli.). cloth, irllt, 9«. -i / i- b ^•^ ^^ 

ARTISTE BOOK OF FABLES, eomnrliiln* a Seriei of Oriirinal Fahle«, lllnatrated by tat 
exquisitely beautirul Enffravlnira on Wood, by Harvbt and ether eminent Artists, after De- 
ahrni by the late Jaxbs Northcots, R.A. Post Svo, Portrait (pub. at \L !«.), cloth, 
Ptt, «•. ia45 

BARBER'S ISLE OF WIGHT. 42 fine Steel Plates, and Da. MAvtabL's Obolooical Map. 
8to, gilt, clotli, 10«. ad. IMv 

BEWICK'S SELECT FABLES, with a Memoir, Sto, with several Portraits of Bewick, and 
upwards of 350 Engravings on Wood, original impressions (pub. at W. )«.)• bds. lo«> 

NeweoMtlef ISXO 

Brt.LINGTON'S ARCHITECTURAL DIRECTOR, being an approved Guide to Archi. 
toeta, Drauffht«men, Students, Builders, and Workmen, to which is adileil a History of the 
Art, ftc. and a OloHsary of Architecture. New Edition, enlarged, Svo, 100 Plates, cloth letteredf 
(pub. at 1/. b.) 10«. 6d. 184S 

• 

BOOK OF COSTUME, from the earliest period to the present time. Upwards of ^oobeautiflit 
Engravings oi W-'W, by Lin\om. Svo (pub. at U. U.), gilt cloth, gilt edges, I0«. 6d. 1S47 

BOOK OF GEMS, OR THE POETS AND ARTISTS OF GREAT BRITAIN. 
S vols. Svo. I :iO exquisite Line Engravings after Torkrr, Boki kgton, La n o-sbbr, llnnKKTH, 
MvLRBAtiY, etc. etc.; also numerous Autographs (pub. at 4/. 14«. Od,) Cloth elegantly gUt, 
iL 5«., or in morocco, 3i. 3«. 

BOOK or GEMS, OR THE MODERN POETS AND ARTISTS OF GREAT 
BRITAIN. 8vo. 50 exquixltely beantiftil Line Engraving* afterTvanBR, Uokixotoii, etc. 
«te. (pub. at H. ll«. 6cf.), cloth elegantly gilt, Xi*., or morocco, XL 1«. 1M< 

BOOK OF RAPHAELS CARTOONS, BY CATTERMOLE. 8vo. with an exquisite 
Portrait of Raphael, n View of Hampton Court, and seven very highly finished Steel Engrav- 
ings of the celebrated Cartoons at Hamptoi. Court (pub. at lis.), cloth, gilt, 7<. 6d. IMS 

BOOK OF SHAKSPEARE GEMS. A Series of Undwape linutrailons of the most Into- 
reeling localities of Shakspeare's Dramas; with HlKtorical and Descriptive AccounU, by 
VrAsntKGTOx iRviso, JBssB, W. HowxTT, WoRDBwoRTH, IvsuR. and Others. Svo, 
wi^h a hlghly-finiRhed Steel Engravings (pub. at U. lU. 6d.) gilt sloth, 14*. 44S 

BOOK OF WAVER LY GEMS. A Series of 64 hlshly-ftoUhed Una Enfravings o' th' i^«a 
Interestina luciueuts and scenery in Waiter Scon's it'oveu, uy xiBAta, riMiiBX, Rollb eai 
ethers, after Pictures by LasUB, Stothard, Cuopbr, HcwAKDk *e., witk iUaatiative l«i(«»- 
8T0. (pab. at VL lU. M.), doth, tiegaatlj gUt, lie. MM 
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BRQCKEOON'S PASSES OF THE ALPS. > volt. m«diQin «to. Contalnlaf IM 
Siiirnivln«s (piih. at \oL l«a. la bosnli). half-bound moroeeo, gilt adgM, a<. ISa. w: 

BRITTONS CATHEDRAL CHURCH OF LINCOLN, «to« ic Hm PUtM, 1^ Lb 
(pub. at 3/. if. I. cloth, U. *t. Hajral «t«, Lwg* Paim, ciKh N. I hi. <rf. 

ThU toittma «aa pnbUabai to <— p l t» Kk BrtttMif*f CHIwiraii^ aad h waattng to 
fhr t«fa. 

BRYAN'S DICTIONARY OF PAIMTERS AND ENGMAVEIMi ll«« 
ivcted, icrratly e.ihwg«d, and coiMliMMd to JMr preftent time, by Oa«M>« AraVLSl, 
plau ia oaa lance voiuma, kHpt ■«•, Bomaroiia plalaa of monograou, tt. U. 

BULWERS PILGRIMS OF THE RHINE. Ito. EnballMMd with S7 cKoaditU j 
rravlnir* after Uavkl Koheita, Macllaa, and Parrii (p«b. at M lie «d.), eiotli gilt, 14a. 

BURNETTS ILLUSTRATED EDITION OF SIR JOSHUA REYNOLDS ON 

Painting. 4ta, 12 Hn* Plaus, dnth (pub. at t/. to.)» U. la. IMt 

the aame. tanca paper, rofal 4i», proof impreaaioDa of Plataa, eloth (pub. at 41 48.), 11. ta. 


CANOVA'S WORKS, OHrraved In onUtao hf Maaaa, vlth D taniya u M and a mogn/UeC 
Memoir >>y Ciceiniam. 3 tula. Imp. Ivo, 16> plaMe, ami la< PMtraiC by WortMi^nn, knlf^ 
bound DiunKxo (pub. *,\6l. V2a,) U. U. 

■'■■ tlie aame. 3 vote. 4to, large paper, half-bound, tincnt (pab. at M. it*.), 4< 4a. 

— — tba aame. 3 Tola. 4lo, laive paper. India Pniofc, In patta, (pub. at ML lie.) 1L lt» 


CARTER'S ANCIENT ARCHITECTURE Of ENGLAND, inoatrated by lot 
plate Erigravinmi, cmnpriaing upwarda of 1 «o Thouaand apecimeea. Bdltad by Joas 
TOK, Esu. Ruyal folio (pub. at 12/. 13a.), half-hound inarocco, 4i. 4a. 

CARTERS ANCIENT SCULPTURE AND PAINTING NOW REMAINING 

IN ENOLANIt, from the Earlieat Prriud to the K* Ign of Henry VIII. With Hiatorkal ^A 
Critical IlluairaUona, by Duuck. Oovgh, Mkyr ck, DawaoN ToaNEK, and B&irrov. 
Boyal fMlid, vith i3a large Engraytntri, manr of «'ht -h art beautifolly coloorad, ami 
llluminatvd with ^old (pub. at 13/. IS«.), balF bound aioroceo. Si. ta. 

CAIITER S QOTHtC AUCHITECTURE, and Ai drat Building* fat England, «tt IW 
^«a, etehed by hiawclf. 4 vole, a^nare yuam (pub. « «. ta.), half OMwaacOk llfc ^ ' 


CATLIN'S NORTH AMERICAN INDIANS, tvtk.lnifl.tvnk ttt Bngraet«*i (P«b.«* 

t/. 13*. M. ), cluth. embleioaUcaily gilt, IL IM. 

CATTERMOLE'S EVENINGS AT HADDON HAIL S4 •xqntaite Rngn 

from Daitiiciw by himaelf. P'wt Svo (originallT pub. at IL 11a. id.), gHt atoth, gilt 


CHAMBER LAINrS IMITATIONS OF DRAWINGS ft«a tte Oiaat MMtein, to tt» 

Boyal CiflltrctiiMi. engraved l.y Bartulobbi and othera, ImpL foL 70 Platea (pub. at UL l>k)« 
kalf-bouiid miMveco. gUt edgea, iL it. 


CLAUDE'S LIBER VERITATIS. A Collection of too Engmvlagaln fanltatlon ortli»< 

I>ra«in{n ttf Claodb, by Bjirloic. 8 voia. folio (pub. at SIL 10a.), half-bound moroiai» |fll 

odgea, 101. lot. 

CLAUDE, BEAUTIES Of. 24 FINE ENGRAVINGS, eontaiafaig aome of his 
Laiidacaoe^, tivHutifully Engraved on Steel, folio, with descrtpti** lettar-pross, and ! 
in a portrolio (pul>. at 3/. lit.), U. ft*. 

COESVELT'S PICTURE GALLERY. With an Introduction by Mas. J ambbo v. Soyd«* 
80 Platea heautif .11> engraved in outline. India Pruofk (pub. at iL 6a.), half-bound moroM* 
extra, 3/. su. 

COOKE S SHIPPING AND CRAFT. A Sorlea of 8« brUNaat Etehlnia, eomprtetaff ! 

esifue. hut ai th« aame time aauemely acenrate lUpreaentntloaa. Boyal 4to (pub. at 8Cias.tdL)t 
gill cloth. W. IK. lid. 

COOKES PICTURESQUE SCENERY OF LONDON AND ITS VICtNTTY. 

tiAii Ktrhiiii{.s, after Urawinm by Calcott, Ktakpibi.d, Proitt, Bonnan, 
SrARK, and Cot. man. Huyal 4to. Proob (pub. at &/.), gilt eloth, 2/. t*. 

CONEYS FOREIGN CATHEDRALS, HOTELS DE VILLE, TOWN HALLS. 

AND OTltlUl KKMAAKABLE BUILDINGS l.\ PBaMCE, HOLLA N'I>. OBRMAlTi; 
AN D ITA LY. 32 fiue large Ptatea. Imperial fulio f pub. at luL !«•.), half moroeoo, gftt adgas, 
SL I3«. 6d. 1841 

CORNWALL, ^N ILLUSTRATED ITINERARY OF; fneluding Hbtoneal and Dnaate- 

tive Acroiiiits. Imperial 8vu, Uloatrated hy 118 beautiful Engravinm on Steel aj*d Wood, by 

LAKrei.i.K. H.Hi-iicLippB, Jacksox, Williams, Slt, etc. after dxawtngi by CSkBSWicx. 

(Pub. at i6j. ), half morocco, St. 

Cornwall is uitdoubtcdly the moat intareating eonnty In Bnglaad. 

CORONATION OF GEORGF THE FOURTH, by Sir OnoaaB Natlbr. hi aSOTlaaof 

alM>ve -to inazniQceut Faiiitingii of th« Proceaxiun, Ceremonial, and Ban'iuet, eQr:;;retNl 
JUtbful txirtraSta of many of ihe dtMtinguislied Irdividuala vho vere prea«nti wna hia 
Md deacriptive letter* preaa, atlaa folk) (pub. at M. lOa.), half Imund morocco, gilt 
UL I2«. 

COTMANS SEPULCHRAL BRASSES IN NORFOLK AND SUFFOLK, 

Bluatrata the Eccicaiaatieal, Military, and Civil Cuatume of former avea, viui Lellii pnss 
£i«M:riptiji.a, etc. br DawauM Turnxr, Sir S. Mbyxick. etc. 173 Tlatea. Tlie eaanMilal 
Brase4« a** aolendidly Ulumluated, 2 folsk utpL ^t*> half-bound morocco gUtedBoa^ M. fSb MItk 
• tna aaaa, targ? paper, uapexlal Ibiio, half Aucofico, fUt v4s«a, tL ta. 
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•COTMAN'S ETCHINGS OF ARCHITECTURAL REMAINS in rMl»iit eo«rtl« te 
BMland, with Letter-pKM I>Mcri|itioiM hr Rkrmah. 9 vols. iaip«risl foUe, omtaiiilBi Sit 
■iKliljr ■pirited Rtehiag* (pub. at 24i.), half morocco, 9L I*. UN 

DANIELL*S ORIENTAL SCENERY AND ANTIQUITIES Th« oriiriiial mafnlflM!* 
«4Utiun, ISO sploiidM coloared Views, oc the loiicett acale, of tbe Architecture. AimquitlM. uic 
JUuMiscapo ikeMtT of HiaAooaUn, 6 TOla. in 3, •ieptaant folio (pub. at SIM.), olacaatly Balf> 
boumi monooo, am. 10s. 

iDANIELL'S ORIENTAL SCENERY, • vola. in s, auall foHo, ISO Ptetei (poll. «t UL lli. 

balf-lHiuad mor«co, 61. 6«. 
Thihia reduced 2roni the precadinfflar^s work, and i« aneolourcd. 

IMNIEi.L'S ANIMATED NATURE, beinK Picturesqua Delineations of the moat IntMoatfaiff 
8ulvect« from all Branches of Natural Hlmory, 12d Enirravini^, with Letter-prei* ^''u*ciiptiima 
S vols, small folio (pub. at 1&/. 1&«.), half morocco (uDlfunn with the Oriental Scenery), SI. it, 

DON QUIXOTE, INCTORIAL EDITION. Translated by Jarvik. carefully revised. 
WIUis copious original Memoir of CervHnt«s. Illustrated by upward* of H2u beautiful Wood 
Sairravlnfts, after tbe celebrated Designs of Tosy Joujinkot, includinir iC new and bvautinil 
large CuU, by AHMSTKOKa, now Atnt added. 3 toll, royal 8vo (pub. at S/. ISe.), clollt gCfe 
1^ Si. 184b 

MiLtk. *>l GALLERY, a Series of M Beautltally Coloared Plates ftrom the most Celehmtad 
Pk«.J In this Remarkable CollerHou* executed by K. Cockbuhn (Ctietodlan). All 
noanted on Tinted Card-hoarJ In the manner o Urawings, imperial foito, including 4 vei/ 
large •tdditlonBl Plates, published separately at rom S to 4 guineas each, snd not before 
lacladed in the Series. In a hsndHonie portfulio, » «b morocco back (|Mib. at *ol.), Ml. Ut. 

** This la one of the most splendid ami iiitereatliM of the Britiab Pioture Oalleriea, and hu 
far aome years been quhe onatulnable. even at tbe full price." 

ifiypT AND THE PYRAMIDS.~COL VYSE'S GREAT WORK ON THE 
PYRAMIDS OF OIZEH. With an Api>endia, by J. S. PBRRixa, £s«t., on the Pyramida at 
Abou Roash, the Fayoum. ftc. fte. 3 vola. imperial tvo, with 66 Platea, litli«craplied hf 
HAbHS (pub. at 2L 13f. 6d.), W. U. IMf 

GQYPT— HERRING'S PtfTY-EIGHT LARGE VIEWS AND ILLUSTRATIONS OF 
THE PYRA1M:I1>8 OP OIZEH, ABOU ROASH, ke. Drawn (h>m actual Kurvey and 
AdimeaHnrement. With Notes and References lo Col. Vyse's great Wutli, also to Uenon, the 
xreat French Work on Egypt, Roxellini, BeUuni, Burclchardt, Sir Gardner Willciuson, Lane, 
and others. 3 Parts, elepbanl folio, tbe sise of tbe great Freneb ** Sg>pte" (pub. at IM. l»t.) 
ia printeu wrappers, it. ia. ; half-bound morocco, it. lis. 6d. 1842 

CNQLEFIELO'S ISLE OF WIGHT. 4to. «o large Platea, Engiwred hf Cookb, and a Geo 
li^teel Hap (pub. 7L 7cO« oloth, 8f. Ss. 181C 

fLAXMAN'S HOMER. Seventy-live beaotiriil ComMsHloni to the Iuab and Odtmst, 
engraved under Flaxmav's tnapectloa, by tiatnu, lioaM, and Blakb. 3 vols, oblong folio 
(pub. atM.te.), boaid8S<.fls. IMf 

fLAXMAN'S >ESCHYLU8» TUrtj-atac beautlAil Coavoaldona Ihni. Oblonc folio {pBlb. at 
SL 13*. W.)« booffda IL Is. USl 

fLAXMAN'S HESIOD, TUrty^ven beantlftd Compeeiiioiia fnm. Oblong folio tpvb. «l 

11. ISt. 6d. ), boarda li. St. 1817 

** Flasman's anequalled Compositions fh>m Homer. JBschylns, and Hesiod, have lonv 

bOM the aduizatlon of Europe ; of their simplicity and beauty the pen la quite Incapable w 

conveying an adequate impression."— Mr 'Pkomaa Lamttu*. 

fLAXMAN'S ACTS OF MERCY. A Series of Eloht Compositions, In the manner of 
Ancient Sculpture, engraved in Imitation of tbe original Drawiiijgs, by F. C. Lb wis. Oblong 
folio (pub. at 2/. 2«.), half-bound morocco, 16t. ]ggl 

fSOISSART, ILLUMINATED ILLUSTRATIONS OF. Seventy.four Plates, prialodiB 
€k)ld and Colours. 8 vols, super-royal 8vo, hall-bound, uncut (pub. at 4^. Im«. ), 3t. I0s» 

i^iiii I., the sam«, laige pnpn, 3 volB.Teyal 4to, half-bennd, uncut (pub. at lo:. lo«.), tL fob 

QELL AND CANDY'S POMPEIANA; or. fipography, Ediflcos, and Ornamenti oT 
' Pomiieil. Original Series, containing the R««i8ie*or the Excavations prsviouM to iiti8 3 vol*, 
foyal Kvn, beet edition, with upwards of Iflo hcfeutifni Line Engravings by Oooi>ai.l, Cookv 
BSATH, Ptb, etc. (pub. at 7t. 4«.), boards, 8^. 3«. 1824 

OEMS OF ART, 80 FINS ENGRAVINGS, after Rbkbbaiidt« Cvrr, Rbtroldh, Pova. 
aiK, Mi;nii.iu, Tbhibkb, Cobjuioio, Vaxdbbvbi.i)B, folio, proof impressions, in portfolio 
(pub. at 8^ 8s. ), U. lU. •d. 

QILLRAY'S CARICATURES, printed from tho Original PUtos, all engraved by himself 
between 177V and 1810, eomprisini the best Political and Humorous Satires ol tii« Reign ot 
Oooine the Third, in opwsjds of 600 bighty spirited Bngmvlnin. In I large v(»l. atiaa folio 
loxactly uniform with tbe odgliiAl Hog»ra^ M aoM by tbe advortlaor), balf-bouud ted moveoco 
OBtra, gilt edges, BL 8s. 

QILPIN'S PRACTICAL HINTS UPON LANDSCAPE QAROENINQ, *^ '«"» 
Bomarks ob Doneetle .AMhrteeiun. Boyal ero. Plates, oiocfa ( pnb. at it ), 7s. 

QOETHE'S f AU8T, ILLUSTRATED BY RETZSCH te M boautiftil OiUllBea. Bojral 
Aoipob. Bt IL Is.), gilt cHtb. IM. «d. 
^fivodillBBcoBtnlUBtniiilBttaaoftbtforigttiBl pooiBiWiuiblatofkalanddeaeilptivoi 
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CATALOGUE OF NEW BOOKS 


OOODWIN'S DOMESTIC ARCHITECTURE A SetfM of New DmIkbs tar 

villu, Hrctory-Houiei, P»raonag*>HouscM; BaililTi, Gardener's, Ommekccper's, anU Paxk- 
Oace LodjreK : Cwtuies and other Hetidenccs, in the Grecian, Italian, and Old English Style 
of Arcbltectara : with Eatintatea. 3 vol*, royal 4to, 96 Plates (pah. at U. &•.}, cloth, lL\2M,td. 

nRINDLAY'S (CAPT.) VIEWS IN INDIA, SCENERY, COSTUME, AND ARCHI- 
TECTURE : chU ttr OA the Western Side of India. Atlas 4to. ConalstiBftrf 36 most beaolt-. 
tally coloured Plates, highly finished, in imiution of Dravinfs^ with Uascriptive Lettci- 
preaa. t Puh. at \2L lU.), Iialf-bound morocco, i^ilt edges. U. U. lOp 

Thii Is perfiaps the most exqoiaitaly-^oloured volume oi landacapas ever produced. 

HANSARD'S ILLUSTRATED BOOK OF ARCHERY. Beinr the complete Hbtoiy and 
Practice of the Art: interspersed with numerous Anecdotes; fonninf a complete Maanalfsr 
tht Pnwnian. 8vo. Illustrated hy 39 beautiAit Line Engravings, exquisitely finished, by 
Ej>6LBitaAAT, PoRTBV&T, etc., after Designs by SxsrHAXorr (pub. at II. 11S.6A), gilt doth, 
10s. 6d. 

HARRIS'S GAME AND WILD ANIMALS OF SOUTHERN AFRICA^ Las» inpt. 
folio. 80 heautiAiily coloured Engnvinga, with SO Vignettes of Heads, Skins, Itc. (pul». at 
19L 10s.), hf. morocco, 6^ 6s. 1844 


HARRIS'S WILD SPORTS OF SOUTHERN AFRICA. Inpl. sro. M beantlAilIy 
loured Engravings, and a Map (puh. at 3/. 2*.), gilt cloth, gilt edges, \L Is. 18«4 

HEATH'S CAR'CATURE SCRAP BOOK, on 60 Sheets, containing upwards of lOOOComle 
Suiqects after Sbtmouk, CnuiKsiiAiiK. Phiz, and other eminent Caiicaturists, oblong folio! 
<pab. at 2/. U.U cloth, gilt, 1&«. 

Thb clever and entertaining voIun.e Is now enlarged bv ten additional sheets, each cob-' 
tainlng numeroua subjects. It Includes the whole ot Heath's Omnium Gatherum, both Scries ; 
lUoRtrations nf Demonolojry and Witchcraft, Old Ways and New Wavx; Nautical Dictionary j 
Scenes In London; Sayings and Do.ngs, etc.; a series of humorous illttstrstlons of ProTer1i%- 
etc. As a large and almost infinite storehouse of humour it stands alone. To the yous. 
artist It woald he found s most valuable collection of studies; and to the Csmily circle a coft- 
atant source of unexceptionable amusement. 

HOGARTH'S WORKS ENGRAVED BY HIMSELF, iss fine Plates (ineluding the tw«: 
well-known ** suppressed Plates"), with elaborate l^etterpresa Descriptions, by J. NtcHoi*.? 
Atlas (blio (pub. at ftO<.), half>bound morocco, gilt luck and edges, with a secret pocket fi»r^ 
suppressed plates, 71. 7s. l9Ui 

HOLBEIN'S COURT OF HENRY THE EIGHTH. A Series of so exquisitely beantiftalj 
Portraits, engraved by Bahtoloxxi. Coopbji, and otiiers. In imitation of the original' 
Drawings preserved la the Royal Collection at Windsor; with Historical and Biographical 
Letter-press by EoMUxn Lodoe, Esq. Publiahed by Johv Chaxbbrlaixx. Imperial 4to 
(puh. at lU. 15«.), half-bound morocco, full gilt back and edges, U. 19«. id, 1812 

HOFLAN08 BRITISH ANGLER'S MANUAL; Edited hj Edwaks Jkbss, Esq.; or/ 
the Art of Angling in England, Scotland, Wales, and Ireland; including a Piscatorial Account 
of the principal Rivers, Lakes, and Trout Streams; «ith instructions in Fly Fisbuig, Trollii^ 
and AoKlinc of everv Description. With upwards of 80 exquisite Plates, many of which arct 
higfaly-finisned Landscapes engraved on Steel, the remainder beautiAilly engraved on Wood.' 
8vo, elegant in gilt cloth, 13«. ISM^ 

HOPE'S COSTUME OF THE ANCIENTS. Illustrated In upwards of 820 beantlAilIy- 
engrsved Plates, containing Representations of Egyptian, Oreelt, and Roman Habits and 
Dresses. 3 vols, royal 8vo, New Edition, with nearly 20 additional Plates, boards, reduced 
to 21. Si^ 1S41 

HOWARD (FRANK) ON COLOUR, as a Mbavb of Axt, being an adaptation of the Expe>- 
rience of Professors to the practice of Amateurs, illustrated by 18 coloured Plates, postsvo, 
cloth gilt, 8«. 

In Ibis able volume are shown the ground colours In which the most celebrated naintera. 
worked. It la very valuable to the aonnolsseur, as well as the student, iik painUng ana watep-' 
colour drawing. 

HOWARD'S (HENRY, R. A.) LECTURES ON PAINTING. DelfTered at the Boyal' 
Academy, with a Memoir, by his son, Frank Howard, large post Svo, cloth, 7«. fid. 184S 

HOWARD'S (FRANK) SPIRIT OF SHAKSPEARE. 483 fine ouUine Plates, illustrative of 
all Uie principal IncldenU In the Dramas of our naUonal Bard, 6 vols. Svo (pub. at I4i.8s.),-. 
cloith, 21. as. 1827—33 • 

*.* The 483 Plates may be had without the lotter-preas, fbr illnatntlng all Svo editioas of* 
Shakspeare, for 1^ lU.6d, 

HUMPHREY'S (H. NOEL) ART OF ILLUMINATION AND MISSAL PAINTINa 

illustrated with 13 splendid Examples (him the Great Masiersof the Art, selected from Missals^ 
all bifttttiflilly illuminated. Square l3mo, decorated blading, IL U. 

HUMPHREY'S COfNS OF ENGLAND, a Sketch of the progma of the Engltoh CoiMge, 
from the earliest period to the preaent time, with 228 hcautifUI fhc similes of the most interest- 
ing specimens, illuminated In gold, silver, and copper, equare Svo, neatly decorated binding, ISs. 


"MP.'^n.?^,^fSP»-|S O^ TUDOR ARCHITECTURE ADAPTED TO MODERN 
HABITATIONS. Royal 4to, S7 PUtea ( puh. at it. U. ), half morocco if. 4*. 

'^J!!J?.?£®IPNS FOR PARSONAGE-HOUSES^ '^^MS-HOUSES, ETC. lUml' 
' «• V Platao (p-xb. at II. ii.), hdlsuKvccA, I4«. » • • " *^ ^ 


PUBUSHED OR SOLD BT H. a. BOHK. 


HUNTS DESIGNS FOR GATE LODGES, GAMEKEEPERS' COTTAGES, ETC 
Roys] 4lo, IS PlatM \ ptiu. bt iL U.), half moroeoo. 14a, ■ IM t 

HUNTS ARCHITETTURA CAMPESTRE; OR, DESIGNS VOB LODGES, GAR- 
DENER8* HOUSES, btc. IM THE ITALIAN tfTYLE. U Platea, royal 4t« (pub. at 
U. If.), lulf morooco, 14*. 1W7 

ILLUMINATED BOOK OF CHRISTMAS CAROLS, tqiianSTo. S4 Borden mvmlnatetf 
in Gold aiid Cokiun, aiid 4 beauUftil Misiaturet, richly Ornamssttd BlndlDf (pdb. at 1^. it.),. 
15«. 1846 

ILLUMINATED BOOK OF NEEDLEWORK, By Mm. Ovsv, withaHistiir of Needle- 
voikfbv the CouMTKHsofWiLTOx, Coloarad Plates, poet 8to (pab.at iSi.), gilt c) Jtb, 9«. 1847 

ILLUMINATED CALENDAR FOR 1850. Copied fh>ra a celebrated MIsmI known as tlie 
** Hoon" of rbe Duke of Anjoa, Imperial 8to, 36 exqaiaite Miniaturca and Borders, in gold and 
colours. Ornamented Binding (pub. at 2i. 2s.), lis. 

ILLUSTRATED FLY-FISHERS TEXT BOOK. A Complete OrJde to the Science of Tron% 
and Salmon Fishing. By Tkbophix.ui South, Gbnt. (Eu. Chitty, Bakribtbii)* Witlk 
23 beautify Engravings on 8teel, alter Paintings hy Cuofbb, Nbwtom, Fibldixu, Lbb, and 
others. 8vo (pub. at It. lU. 6i<.). cloth, gilt, 10s. 6d. IMS 

ITAUAN SCHOOL OF DESIGN. Consiiting of lOO Plates, chiefly mgraTed by Babto. 
I.OZXI, after the original Pictures and Drawings of Gvebciko, Michabl Amobu), Domeki- 
CHiKo, Akxibale, Ludovico, and Aoostibo C>bacci, Pibtbo ds Coetona, Carlo Ma- 
RATTi, and others, in the Collection of Her Msjesty. Imperial 4to (pub. at lot, Mto.), half mo- 
rocco, gilt edges, St. 3«. 1843 

JAMES' (G. P. R.) BOOK OF THE PASSIONS, royal Sro, Ohistrated with 16 splendid 
Line Engravings, after drawings by Edward Covrbould Stephanoff Chalow, Kekmt 
Mbadows, and Jbbkivs; engraved under the superintendence of Charles Hbath. New 
and improved edition (Joat published), elegant in giit cloth, gilt edges (pub. at IL lis. 6d.). 
12m. 

JAMESON'S BEAUTIES OF THE COURT OF CHARLES THE SECOND. StoIs. 
impl. 8VC. 81 beautiful Portraits (pub. at iU it.), eioth, IL U. 183S 

JOHNSON'S SPORTSMAN'S CYCLOPEDIA ofthe Science ahdPracUce of the Field. t!io 
Torf, and the Sod, or operations of the Chase, the Course, and the Stream, in one very thick 
TOl.-ftvo, illustrated with upwards of 50 Steel Engravings, alter Coofbr, Ward, Uamcock, and 
others (pub. at 1^ lis. 6d.), cloth, ISs. 

KNIGHTS (HENRY GALLY). ECCLESIASTICAL ARCHITECTURE OF ITALY, 
FROM THE TIME OF CONSTANTINE TO THE FIFTEENTH CENTURY. With an 
Introduction and 1 ext. Imperial folio. First Series, containing 40 beautiful and highlv into- 
rostlng Views of Ercieslastical Buildings in Italy, several of which aro expensively Ulununated 
In gold and colours, half- bound morocco, &<. &•. 184S 

Second and Concluding Series, conUining 41 beautiftaland highly Interosting Views of Ecclo- 
siastical Buildings in Itaiv, arranged in Chronological Order; with Descriptive Lettw-press. 
Imperial folio, half-hound morocco, it. it. 1844 

KNIGHT'S (HENRY GALLY) SARACENIC AND NORMAN REMAINS. ToIBBi- 
trate the Norman* in Sicily. Imperial folio. 30 large Engravings, consisting of PictoresqtM 
Views, Architectural Remains, Interiors ai:d Exteriors of Buildings, with Descriptive Letter- 
press. Coloured like Drawings, half-bound morwcco, 8^ 8s. 1841 
But ver>- few copies are now first executed In this expensive manner. 

KNIGHT'S PICTORIAL LONDON. « vols, bound in s thick handsome vols, imperld 8vo, 
illustrated by 650 Wood Engravings (pub. at 3^ 3s.), cloth, gilt, lU 18s. 1841-44 

LONDON.-WILKINSONS LONDINA ILLUSTRATA ; OR, GRAPHIC AND 
HISTORICAL ILLUSTRATIONS of the most Interesting and Curious Architectural 
>fonuments of the City and Suburbs of London and Westminster, e.g., Monasteries, Churches, 
Charitable Foundations, PalSces, Halls, Courts, Processions, Places of earhr Amusements, 
Theatres, and Old Houses. 8 vols, imperial 4to, containing 207 Copper-plate Engravings, with 
Historical and Descriptive Letter-press (pub. at 86/. 6«.), half-bound morocco, it. it. 1819 -ai 

LOUDON'S EDITION OF REPTQN ON LANDSCAPE GARDENING AND 
LANDSCAPE ARCHITECTURE. Mew EdltluB, 860 Wood Cuta, Portrait, thick tvo, cloth 
lettered (pub. at IL los.), 15s. 

LYSON'S ENVIRONS OF LONDON; being ui Historical Account of the Towns, Villsgea 
and Hamlets in the Counties of Surrey, Kent, Essex, Herts, and MkUilcsez, 6 Tols. 4to, Plai«B 
(pub. at IM. to*.), cloth, 2L 10s. 
The same, large paper, 6 vols, royal 4te (pub. at ISL 16s.), e!otb, U, Is. 

MACGREGORS PROGRESS OF AMERICA FROM THE DISCOVERY BY 
COLUMBUS, to the year 1846, eompvialng its History and Statistics, J rwgsarkably tfaidk 
volnmes, imperial 9*o. cloth lettered ( pub. at 4i. 14s. 6d.), U. lis. 6d. 1M7 

MARTIN'S CIVIL COSTUME OF ENGLAND»(k^mtheCon<|uesttotha Pi«BMitPerM4. 
fkom Tapestry, MS8. fto. ItoyaJ 4t«, M Fl»«es« IfeMittoUy lUnmlaated Is Gold nad Colour^ 
«lo8k,^,SLUi.«d. Ml 


CATAL06US OF KSW BOOKS 


MEYRICK'S PAINTED ILLUSTRATIONS OF ANCIENT ARMS AND AffiMOUfL 

• CrHir«l lDqulr> ititn Anelcat Aniiunr « il esintod in Europe, tout particutarly in BnirUad, 
from tbe Noriitan Conquest to the Rrifrn of CImrleft II, with a Gla>.Narv, etc. liy Sir Bamobk 
Bi'HH MKYKii-K, LL.I)., F.A^., tc, Hcv and |rre*t]y improved EdiiiMn, (-orr«c-«ed and en- 
larvrd tlinmirtiout 1^ the Author blmnelf, with the M«t»tance of Literary and AnttouarlaB 
Vrieniin (Ai.iiv.kt Way, etc.), 3 vola. ininertal 4to, illiistratad by oiore ttmn 100 Platett 
■ptruiilillr llluintiiated, moHtly in |r<>ld and silver, exbihiting aonie nt the finest Specimens 
oaistlinciii Kntilnndi also a new Plate of tlw Tournatnant of Locks and Keys (pub, at tlL), 
kalf iMtiiul mnrnccn, jcilt edg«a, ItU. IOl ItM 

III a WALTBa Scott Justly daaerllMa tkia MUaetloA u <*thb iiicox»aaabi.b amuovkx.** 

MEVRICK'S DESCRIPTION OF ANCIENT ARMS AND ARMOUR, In fli« Collcc 
tltm i>r (hxidrich Court, 150 EnfTaviayB by Joa. 8x.bi.tok, t vola. folio (pvb. aft lU. lU.), 
kotf nnnr<H'(>o. top od|W« ffUt, 44. \U. M. 

MILLINGEN'S ANCIENT UNEDirCD MONUMENTS; eompnainir Painted Oreck 

Vane*. Statues, Busts, Bas-Reliefs, and other Remains of Ofccian Art. 62 larKc end boaotiftd 
SiiKra vines, niiistly eoleared, with LeMeriiieaa Doscriptloas, Imperial 4to (pub. at 9L <>.)• 
bair miirncco, 4i. I4a. U. US 

MOSES ANTIQUE VASES, CANDELABRA, LAMP& TRIPODS, PATERA, 
Tasias, Tombs, Manaoleums, Sepuichral Chambers, Cinerary tJms, Harcuphafd. CippI; and 
otiier OrAamrnU, 170 Plates, several of which are coloored, with Letter-preH*, by lioira, small 
•vo { pub. at %L Sa. ), cloth, \L to. U14 

MUHPHrS ARABIAN ANTtQUfTtES OF SPAIN ; repreaentfnv, In IM vanr highly 
flniatied line Enirravinpi, bv Ll Krvx, PtknVN, Laki>hkkr., G. Cooks, Ac, the most 
rcniarliahic Remains of the Architecture, Sculptore, Paintinfm, and Mosaics of tlie Spanish 
Arab* nnw extstlnR in the Penlntiuia, Includinir the maenitiaent Palace of Alliambra; the 
orlel««ted Mosque and Brtdfrc at Cordova ; Ui» Ruval Villa of Oenemliffe ; and the Case de 
Carbon : arenmuanled by Letter-press DescrtpUons, in I vol. atlas folio, original awl bnlUant 
Inpreaaiona of the Plate* (pah. at 4li.), bsif moroeeo, ISi. 13s. ISU 

MURPHY'S ANCIENV CHURCH OF BATALHA, IN PORTUGAL, Plana, Be-' 
vatlitna, Sertiona, and Views of the: with iu History and l>escriptlon, and aa Introdaetory 
Diiu-oiime on GOTHIC ARCIIITECTLRE, imperial folio, S7 fine Copper Platea, engraved 
by L(> w RV ( pub. at 6^ Os. ), half morocco, U, Is. IW 

NAPOLEON GALLERY; Or IIluatrationB of the Ufe and Times of the Emperor, with 99 
BtcliinRA 90 Rteel by Rkvril, and other emiaant Arllitat ia one tiiiok volunae poet tea. <pnb. 
at \L u. ). irilt cloth, yilt cdvea, lOs. 6d. IStf 

HHOOLASS (SIR HARRIS) HISTORY OF THE ORDERS OF KNIOHTHOOD 

<ir THE B1UTI8H EMPIRE; «-ith an Account oi the Medals, Crosi^a, and Clnaps which 
]ia*c twen conferred Ibr Naval and Military Services.- together with a Uiator> of the Otderof 
the Ouelpha of H.tnover. 4 vote, imperial 4to, spteaaldly printed and illUHtrated by numeroni 
flne WtMMlfuts of Baiiires, Crosses, Collars, Stars, Maaau, Ribbands, Clasps, etc and many 
latee Ptatee, lllnmlnoted In irold and colours. Ineiudinf full- lenirth Portraits of doean Vie- 
lona. Prince Albert, the King of Hanover, and the Dukes of Cambridge and Kusaex. (Pnb. 
at uL I4a.>, eloth, with morocco backa, &1. Ito. 9d. •«* Coaqrfete to \UJ 


■ ii the samo, wHh the Plates richly eolotvad hut aot nitualnated, and wMwat iha 

extra portraits, 4 vols, royal 4to. cloth, U, 1««. 6d. 

**Kir Harris Kloolas has produced the first comprehensive History of the British Ordcnof 
XniRhthood: and It Is on« qftkt mont eMiormMff prtymrmt tmti sw/ewrficZ/y prmlrti worka that flMT 
immrdfrmmtkf urt*». The Avtlier appears to i<s to have neglected no sources of information, 
and to have exnausted them, as hr as regards the Keneral scope and porpo.«e of the inquby. 
Tlie Oraphisal Illuatratioas are such as become a work of this character u|ion such a sohiect; 
«t, ofcourse, a lavish cost. Tlte reaourees of tlie recently revived art of wood-engmving bav* 
been oimhined with the new art of printing In colours, so as to produce a rk-h effect, almort 
rivalling that of tha monastic tllamlnsnons. 9«*4 a 6oet it nuv q^ a plarr in nrcry gfwef li&rwy. 
It conuins matter ealcnlated to ioteeeot eBtensIre classee er leaden, and we hope bgr oar 
apoelmea to excite their eufloslty."- 


NICHOLSON-S ARCHITECTURE: ITS PRINCIPLES AND PRACTICE. Slf 

Plates by Low&T, new odifMoa, l OT W ed by Joa. Owu.r, Eao., me volume, royal tvo, 
1I.1U. 6dC IMt 

POr claaeleal AroMteetura, tte text book af the ProfeaaloB, the most uaeAd Otride to the 
tttident, aad the best Oompendlnm fer the Amatenr. An eminent Architect has declared 
H to be "not only the most nseftil book of the kind ever published, but absolutely indlspta- 
•able to the Studeat.'* 

PICTORIAL HISTORY OF GERMANY DURING THE REIGN OF FREDERICK 
THE GREAT, Includine a complete History of the Seven Years' War. By Pbajicis 
RooLxa. IlluBtcaiedhy^DOi.Mt MBiiBBi. Royal Ito, with above IM Woodouta (pub. at 
li. Is.), cloth gilt. Us. IMf 


MCTOR4AL UALLERY Of flACE-HORSEt. Containing Portraks of aB H 

Boraes of the Derby, Oaks, aad St. Leger Striies daring the last Thirteen Teat«, aad a Hb- 
tofy of the principal Operations af the Turf. By >Vildbaxb («*«,«. Tattersali, BsoJ. Bnfal 
■ae, eenutaiiag M baaariftel Bimravlncs of Horses, after Picttncs by Cmipsa, HBaaiVi^ 
■ABoaoK, AI.KBII, 4M. Ako ftilUleag4b oharaeterlitle Portraits of eelebratad IIVIm fcutt 
■an (xCneka of tha Dav**), by Bnniovs (p^^ at %L tu)^ scarlet clock, gill, tt. la. 


FUBLISHBD OB SOLD BT B. a. BORN. 


PICTURESQUC TOU<l Of TH£ RIVER THAMES, te lt» Wm^m GMim, _ 

Bttirular i>eMriuti<>a« of MeknacML Wlndaov. and Uaimitan Comn. By Iohm Fla«B» 
vmBAT. IllustrMcd V/ upwards of lOO very Viijrhljr-flnianMl Wood Bafravliigt by Orbis 
SmTHt BRAXHTOif, LAVDBi.La, LiKion, and other •minont artist*, to wbieb art adMI 
a«wor«l heatitiftil Cofrpcr aad 8(m1 Ptatt EnKravinir* by Coou and othora. Ona lai|« kaa4- 
■ame volvnte, rejtal ava (pab. at IL At.;, flir elotb, iu«. td. JMi 

Tha wuMt heartifai lalnwa ofTiBpogtiqpMtfal Ll g p awia pix 


PINELLIS ETCHINGS OF ITALIAN MANNERS AND COSTUME, taeliidlH Mi 
Caroival, Banilitti, ke^ If Platoa» imperial Uo, bair-lHraad BBorooeo, 1S«. JlaiifcUlt 


PRICE (SIS UVEDALE) ON THE PICTURESQUE inSoeMryaDd Landaeape Ow^aa. 
ing, with an Euay on tbe Origin of Ta»ie. and much additional matter. By Su Thouab 
Dick Laddbh, Bart. l«a» with M beaatmil Wood Bngnvliifa by Moiitaav ■zaaLar 
(pub. at IL la.)t fii' oiottl, U*. IMS 

PV/GIN'S GLOSSARY OF ECCLESIASTICAL ORNAMENT AND COSTUMEx 
aettUin furth the ()ri«fii^ liieton, aad ^MfiiMcatlon oftba vartooa Bmblema, Devlcea, and 8yM» 
bolioa) Cofa«tira» peeniiar In CllriaftlaB Dealf na of the Middle Ague. IUuBtnt«i by nearly M 
Plaise, BplendbUy pitniail ia fold and colowa. Boyal 4to, half moiocco extnu top odcaa nU 


PUGIN'S ORNAMENTAL TIMBER GABLES, lalectad kum Aaaiai* Eumptoi te 
Bagland and Normandy. Boyal ttn, 30 Plata*, eloth, ILU. 


PUQtN'S EXAMPLES OF GOTHIC ARCHITECTURE, aelaeted fhmi AncfcM 
Xdillcea in BnirlMnd ; eontlatlng of Pinna, BlevMlona, Bectiona, and Parte at latge, wUh Htol»> 


rical and I>cHcriuti*o letter-preas, iUoatxatad by 2U Bngraringt by Lb Kjtox. S vela. #!• 
<pab. at- I2i. 13«.), clotil, Jt. 17* W. IMi 

^UGIN'S GOTHIC ORNAMENTS. 9> Im PlaUi, dnnm oa StoM by J. D. Habmw and 
others. IloyaJ4to, halfBioroeco,S<.Sr. MIA 

rUGIN'S NEW WORK ON FLORIATED ORNAMENT, with so platea, iplendldlr 
prtawcd In Oold and CohMia, royal 410, elegantly bound In eloth, with ilea goM 
tLSa. 


RADCLIFFE'S NOBLE SCIENCE OF FOX-HUNTING, for tbanaaef»portameii,n»tl 
Svo., nearly 40 beautlAil Wood CuU of HauUnv, Hounds, ftc (pub. at U» ••.), clotB ■lit, 
ttfc«<^ UM 


RETZSCH'S OUTUNES TO SCHILLER'S "FIGHT WITH THE DRAQOR" 

Boyal 4to., eootalnlag 16 Plates, Bngraved by Moaaa, atUfcoTera, Tt. fUU 

RETZSCH'S ILLUSTRATIONS TO SCHILLER'S "FRIDOUN," Roytf Mo., 

Ing 8 Platea. Euitvaved by Moaaa, stiff covers, 4«. Od. 

REYNOLDS' (SIR JOSHUA) GRAPHIC WORKS, sm beantlAil Biwravlnja (< 

r rising nearly 4tto suluacts) after this delbthtftil painter, engraved on ftteel by 8. W. BayaoMb. 
vols, fulb) (pub. at 36/.), aalf hound morocco, gilt edgaa, ItL Us. 

REYNOLDS' (SIR JOSHUA) LITERARY WORKS. Conmrtslng hU IMoeoama, 

delivered ai the Royal Academy, on the Theory and Practice of Psintinir; his Jiiurney to 
.jandum and Holland, with Criticlams on Pictures; Du Presnov's Art of Palntinit, with Note^ 
vo wiiii-h is prefixed, a Memoir of the Author, with Remarks illustrative of his Principles and 
aaactlce, by Bkbchkt. N«w Edition. S vols. fcap. Svo, with Portrait (pnb. at iSt.), gUt 
KMth, lita. IMS 

** H is sftnitrAbie Discourses contain such a body of Just criticism, clothed in such perspicnous, 
elersnt, and nervous lantrosttc* that It is no exairgerated paneryric to assert, that they will laat 
as lonK ai« the Kufflish tonarue, and contribute, not less than the productions of hi* pencil, to 
render hi^ nunic immortal." — Kortkcole. 

ROBINSON'S RURAL ARCHITECTURE; hains a Series of Designs for Ornamental 
CottaKe», in !'<'i I'iates, with Estimatea. Fourth, gieatty improved, Edition. Royal 4to (pub. 
at 4/. 4it. ), hAlf morocco, U. 5«. 

ROBINSON'S NEW SERIES OF ORNAMENTAL COTTAGES AND VILLA*. 

i& plates by Hardiko and Axlok. Boyal 4io, half morocco, 1^ 8s. 

ROBINSON'S ORNAMENTAL VILLAS, 96 Plates (pub. at 4<.4«.), half morocco, U. la. 
ROBINSON'S FARM BUILDINGS. M Phttes (pub. at 2L St.), half morocco, \L lis. ML 

ROBINSON'S LODGES ANO PARK ENTRANCES. « Platea (pnb. at U. as.), half 

morocco, U. I 1j. <od, 

ROBINSONS VILLAGE ARCHITECTURE. Fooith Edlttea, with additional PUta. il 
Plates ((lub at 1/. I6«.), half bound uniform, W. 4s. 

ROBINSONS NEW VITRUVIUS BRITANNICUS; O^ ^'f''^ t!f "'li*!V* ^'r'S«!i!!^ 
Inglth MHn.luns, via., Woburn Abbev, Haifleld House, and Hardwlcke «»>U,f'»" Casalo- 
burv Hoiwe, hv JoHH Brittok, imperial folio, to fine engravings, by Lb Kbox (pa«». • 
16i.'lt>*. I liaif morocco, gilt edges, St. 13s. Od. ***' 

ROYAL VICTORIA GALLERY, ccmpriaing 33 beantlfoi EnKravtags, aftor pictures a 
BUCKINGHAM PALrCE,paJtWarl? BBMBRAHt>T, the O'*'* "«*. *"i»*^,?«f*K' 
Dow. Both. Cutp, Rbykoldk, TlTtAM, and Rubbkh, •"•f"'*'*,^?. ii!tt7 xtf %JLv[* 
BBiNotn^K Frbsbury, Bi/RBBT, lic.j wWi lettar-piesa by Libbbu., rojral 4to Ipab^f 

4/. 4«.), half Ksroccoi \L \\». Iii. 


8 * 0ATAL06T7E OF NEW BOOKS 

miOING^ ANNALS OF THE COINAGE OF GREAT BRITAIN AND ITS 
1>£PBNDKNCIKS. TkxwTOls..4to.. USpiatM. (pub.at<L6B.)clB«k,4L««. ]M» 

SHAKSPEARE PORTFOLIO; a Seri** ofss Okafhic luusTrnjiMoiis, sftcr Dateiw by 
the mott cniiiieat Britisb Artists. inclaiUny Smirke, Stotlianl, Sccpbvnofl, Colter. TTi ■lilf. 
HlltoB. Leslie, Bri^z*, Corhould, Clint, ftc^ beautirKlly rngnved kj Heath, Gwatharli, 
Bobinaon, Pye, Findeo, Korleiun. AnutmnK. BaOa. aad odiaxs (p«b at M. Cfc). ia a caaa. 


Bobinaon, Pye, Fimleo, Kofrlaiian, Anutmatt BaOa, aad odiaxa (pab at M. Cfc), ia 
witii leather back, impetUl l*o, IL U. 

SHAW AND BRtOGENS* DESIGNS FOR FURN ITURE, «itk CaadeUlna ani Interior 

DecoiatioB. ftj Platea, royal 4to, ( pub. at 3^ 3c), half-booiMl, aacut, lLllM.6d. US9 

Tb« aaaia, lar«e paper, irapt. 4to, tlie Plates eolooicd {-^ah. at iL Cs.). hL-hd^ uacvt, SL S». 

SHAWS LUTON CHAPEL, its Arehltectare aad Onuaaaata, tnastnTtd ia a series of M 
bighljr flaisbed Line Entraviogs, Imperial folia (pab. at aL Ss.), half aiM. ceo, naeut, U. 16e. 

ISM 

SILVESTRrS UNIVERSAL PALEOGRAPHY, or Fae-afaaOea af tha vritiaf* of eTeir 
aire, taken from the moat antbeatic Missals aad otaer latemdas Mvaaacfipts axlitias Id the 
Libnrics oS Pnnce, Italy, Ocrminy. and Enrlaad. Br M. Silvastte, contaiaiaft upvarda of 
SM larre aad most beautifully executed &e-similes, oa Copper and Stone, most richly illiuai- 
■alad in the finest style of ait, 7 vols, atlas folio, half morocco extra, gilt ediws, 31/. Its. 

Tbe HMofieal and I>eaerlptire Letter-press by Chan»<>lllon, FIgeac, aad Cbi 


pollien, jua. With additions aad corrections by Sir Frederick Madden, i volk. royal Sro, 

delh, K 16». MM 

-^-»-— — the same, S vols, royal Sro, hL mor. gUt adfet (vbUmib vith tha Iblio vorit), U. Sa. 


SMITHS (C. J.) HISTORICAL AND LITERARY CURIOSITIES. Consiatiar or 
Fac-simlles of inteiesting Aiitorraphs. Scenes of remarkible Historical Events and interesting 
Localities, EngraTinKs of Old Houses, Illominated and Missal Ornaments, Antiquities, ftc 
he. , conuiniuiic 100 Plates, some illuminated, with occaaiaaal Letler-prasa. la 1 voIuom *to, 
half morocco, uncut, reduced to 3i. ISM 

SMITH'S ANCIENT COSTUME OF GREAT BRITAIN AND IRELAND. ¥nm 

ttae7t)i to the 16th Ceotuir, with Historical IllustratloBS, folio, with 62 coloured plates illa- 
minated vitb gold and sflTer, and highly finished (pub. at IM. 19a.) half bovad, nwroeea. 
extra, giit edges, iL U*. 6d. 

SfORTSMAN'S REPOSITORY; cemprlHn* a Series af highly finished Line Engravtaga. 
represcntiug tbe Horse and the Do^, in all taelr varieties, by the celebrated enjrraver Johv 
Scott, from original paintip^s by Reloagle, Otlptn, Stnbbs, Cooper, and Landseer, accom- 
panicii t*y a comnrehenslve Ccsenptioa by tbe Aattwr of the ** British Field Sports," 4tx>, with 
97 large copper Elates, aad aumaroiu Wood Cata aj Baxnatt and others (pub. at U. 12«. Gd.U 
cloth gilt, li. Is. 

STORER-S CATHEDRAL ANTIQUITIES OF ENGLAND AND WALES. 4 milk 
•vo., with 2je engraving! (pub. at 7^. !«>«.), half morocco, iL 12. M. 

STOTHARDS MONUMENTAL EFFIGIES OF GREAT BRITAIN- , 147 beantlftiBy 
finished Etchiiifpi, all of wbicli are more or less tinted, and some of them highly illuminated in 
gold and colours, with Historical De^cripUoos and Introduction, by Ksxra. FoUo (pub. at 
\9t.), half morocco, 8/. 8f. 

STRUTTS SYLVA BRITANNICA ET S^OTICA: or, Portiahs of Forest Trees, dlsrtn- 
gwlahed for their Antlquitv, Mairnitude, or Beauty, comprising M very large and highly-finished 
painters' Etchings, iraperul folio (pub. at 9/. 9«.J, half morocco extra, gilt edges, iL lOt. 

ISM 

STRUTTS DRESSES AND HABITS OF THE PEOPLE OF ENGLAND, from 
the Establishment of the Saxons in Britain to the present time; with an hktorical and 
Critical Inquiry hito every branch of Costume. New and greatly improved Edition, with Crl> 
tiral and Explanatorv Notes, by J. R. Plakche'. Esq., F.S.A. S vols, royal 4Ut, 1S3 Plates. 
cloth, 4/. 4'. The Plates, coloured, 7L 7*. The Plates splendidly illominated in gold, silver, 
and opaque colours, in the Missal st}-]e, Z9t. 1842 

-STRUTTS REGAL AND ECCLESIASTICAL ANTIQUITIES OF ENGLAND- 

ContAining the most authentic llepresentations of all the English Mouarchs fh>m Edward tbe 
Confessor to Henry the £!«iith ; together with ouny of tbe Great Personages that were emi- 
nent under tlieir Beveral Keigns. New and greatly improved Edition, by J. R. PLAVcHSf 
Emu.. F.S.A. Royal 4to, 72 Plates, cloth, 2L 2s. The PUtei coloured, 4/. U. Splendidly 
Illuminated, uniform with the Dresses, 12^. 13«. I84S 

.STUBBS' ANATOMY OF THE HORSE. 24 fine laift Copper-pUte Bngnvings. lape. 
rial folio (pub. at 4/. 4j.), boards, leather back, U. lU. 6d. 

Tlie original edition of this fine old wotk, wbikh is indlspensabla to artists. It has long bees 
considered rare. 

TATTERSALL'S SPORTING ARCHITECTURE, comprising the Stud Fa.-m, the Staa, 
the buble, the Kennel, Race Studs, he. with 43 beautlAil steel and wood illostratlMis, several 
after Hancock, cloth gilt (pub. at U. lu. Cd.), 1/. u. ISM 

TAYLORS HISTORY OF THE RNE ARTS IN GREAT BRITAIN, t vols, post 
Svo. Woodcuts (pub. at U. If.), cloth, 7'< 6d. 1U| 

•* Hie best view of the state of modem mrU"— United Stated Gazette. 

T0D;S annals and ANTIQUITIES OF RAJASTHAN: OR. THE CENTRAL 
AND WESTERN RAJPOOT STATES OF INDIA, COMMONLY CaLlBD RAJPOOT. 
ANA). By Lieut.- Colonel J. Tod, imperial 4to, embellished with above 2» extremebr hsanti 
M Uae Sagraviags by Fivshir, aad capital lame fekliai mar {U, Me. fid:), etoth» ImT 


PUBLISHICD OR SOLD RT H. O. BOBH. 


TURNER AND GfRTIN-S RIVER SCENERY; folio, lo beaotlfal enmvinn on ttMl, 
after th« drawing of J. M. W. ToRirxA, brilliant ImprasaioMi in a porttdlio, witli moroce* 
back (pub. at H. i».), reduced to 1^ lU. 6d. 

■ the tame, with thick elazed paper betvocA the platei, half bound morocco, gilt 

cdgea (pub. at «/. df.), reduced to v. 2*. 

WALKER'S ANALYSIS OF BEAUTY IN WOMAN. P(«eed«l lij a critical view oftlie 
ireneral Hypotheses respectinir Beautj, by Lbowakdo da Vmci, Mbhos, Wimckelmank, 
liUMK, Hogarth, Borkb, Kkiuht, Alisok, and others. New Edition, royal 8vo, illus- 
trated by 23 beaatinil Plates, after drawings from UA, by U. Uswaba, by Qxva and Laxs 
(pub. at 2/. 2«. ), giit doth, 1/. U. 184« 

WALPOLE'S (HORACE) ANECDOTES OF PAINTING IN ENGLAND, with aom« 
Account of the Principal Artists, and Catalofrue of Rngravers, who have been iiom ur resided 
in Engiand, with Notes by Dallawat; New Edition, Revised and Enlarged, by Ralph 
WoRxuM, Esq., complete m 3 vols. Svo, with numerous bvautiAil portraits and plates, U. U, 

WATTS'S PSALMS AND HYMNS, Iltosthatbd EnirioM, complete, with indexes of 
*' Sul^ectK," ** First Lines," and a Table of Scriptures, 8vo, printed in a very large and beauti- 
Ail type,/em)>elliahed with U beautiful Wood Cr*s by Martin, Westall, and others (pub. at 
IL If.), gilt cloth, T. id. 

WHISTON'S JOSEPHUS, ILLUSTRATED EDITION, comp;ete: containing both the 
Antiquities and the Wars of the Jews. 3 vols. 8ve, handsomely printed, emhellli«hcd with ftS 
beautiful Wood Engravings, by various Artists (pub. at U. 4«.), cloth bds., elegantly gilt, 14f. 

INf 

WHITTOCK'S DECORATIVE PAINTER'S AND GLAZIER'S GUIDE, containing th« 
most approved methods orbnitating every kind of (kncy Wood and Marble, in Oil or IMstemper 
Colour, Designs for He^orating Apartments, and the Art of Staining and Painting on Olais, 
ftc, with Examples temi Ancient Windows, with the Supplement, 4to, illustrated with 104 
plates, of whlch'4i are coloured, (pub. at2^ U«.) cloth, 1/. 10«. 

WHITTOCK'S MINIATURE PAINTER'S MANUAL. Foolscap 8vo., 7 coloured platM, 
and numerous woodcuts (pub. at it.) cloth, 3«. 

WIGHTWICK'S PALACE OF ARCHITECTURE, a Romance of Art and Illstorr. Impe- 
rial 8vo, with 211 Illu4trations, Steel Plates, and Woodcuts (pub. at 2/. 12t. 6d.),ciotJi, 1/. U. 

1840 

WILD'S ARCHITECTURAL GRANDEUR of Belgium, Germany, and France, 24 line 
Plates by Lb Kbvx, &c. Imperial 4to (pub. at 1^. 18«.), half morocco, 1/. is. 1837 

WILD'S FOREIGN CATHEDRALS, 12 Plates, coloured and mounted like Drawinga, In • 
handsome portfolio (pub. at 13^. 12«.), imperial folio, 4^. it, 

WILLIAMS' VIEWS IN GREECE, 64beautiftil Line Engravings by Mit.t.br, HoRXBirKaH, 
and others. 2 vols, imperial 8vo .(pub. at 61. %i.), half bound mor. extra, gilt edges, 2<. I2«. id. 

1829 

WINDSOR CASTLE AND ITS ENVIRONS, INCLUDING ETON, ^T Lbttch 
Rkitchir, new edition, edited by B. Jes8R, Esq., illustrated with upwards of £0 beautUul 
Bngravings on Steel and Wood, royal Sto., gilt cloth, U* 

WOOD'S ARCHITECTURAL ANTIQUITIES AND RUINS OF PALMYRA AND 
B ALB EC. 2 vo's. in 1, imperial folio, containing 110 line Copper-plate Engravings, some 
very large and folding (pub. at 71. 7<.), half morocco, uncut, 31. lit. 6d. 1827 


iSatural ?^istors, ^grfculture, «rc. 

ANDREWS' FIGURES OF HEATHS, with Sclentlflc l)e«riptlona. < ^U. royal »v»», 
with 300 beautinilly coloured Plates (pub. at Ivi.), cloth, gilt, 7L 10«. 184S 

BARTON AND CASTLE'S BRITISH FLORA MEDICA ; OR. HISTORY OF THB 
MEDICINAL PLANTS OF ORBAT BRITAIN. 2 vols. 8vo, Ulustrated by upwards of 3oO 
Coloiired Figures of Plants ( pub. at 3^ 3«. ), cloth, 1/. 16«. 1848 

BAUER AND HOOKER'S ILLUSTRATIONS OF THE GENERA OF FERNS, 

in which the characters of eaci. Genus are displayed in the most elaborate manner, in a series 
of magnified Dissections and Figures, highly finished in Colours. Imp. 8vo, Plates, H. 1838-42 

BEECH EY. — BOTANY OF CAPTAIN BEECHEY'S VOYAGE, compi ing ,an 
Account of the Plants collected by Messrs. Lay and Cot.t.ie, and other Otnccrs of the 
Expedition, during the Voyage to the Pacific and Behrlng's Straits. By Sir William 
Jackson HnnxeR, and G. A. W. Ajutott, Esq.. illustrated by 100 Plates, beautifullv en- 
graved, complete in 10 parts, 4to (pub. at 7L, 10«.), &L lUMl 

BEECHEY.—ZOOLOGY OF CAPTAIN BEECHEY'S VOYAGE, compiled fh>m th. 
Collections and Notes of Captain Beechrv and the Scientific Gentlemen who acrompamed 
the Expedition. The Mammalia, by Dr. Richardsoxj Ornithology, by N. A. Vigors, Esq., 
Fishes, by G. T. Lat, Emq., and K. T. Bbx?:ett, Esq.; Crustacea, by Richard Owrk; 
Esq.; Reptiles, by Joiix Edward Gray, Ekq.: Sh*1ls, by W. Sowxrbt, Esq.; and Geology, 
by the Rev. Dr. Bucxlaxd. 4tc, ilhiiitrated bt 47 Plates, containing many hundred Figures, 
bcautiftilly caVured by Sowbrby (pub. aXiLta,), doth, 3L 13«. 0U. 183t 
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RUDINQ'S ANNALS OF THE COINAGE OF GREAT BRITAIN AND ITS 

8HAKSPEARE PORTFOLIO; a Serin of 9« Oramic lLi.nsTRATio»8, after DesiniB bv 
the moil •mluentHriltehArtut.. iniliiding Smirke, StotUard, Stephanoff' Cooper. WeatalL 
Hlltoa. U«lie, nripua, Corhould, Cllat, ttc, beautlfiUly eorraTcd by heathrdraatbadi! 

vitta leaUjer back, iinp^l 8vo, l^ !«, \y o*. o..j, w « gm«, 

8HAW AND BRIDGENS- DESIGNS FOR FURNITURE, with CandeUbra and Interior 

Decoration. 60 Platea, royal 4to, (pub. at S^. 3».), balf-bouod, uncut, ll. 1 u. 6d, U39 

The same, larce paper, linpl. 4io, the Platea coloured (pub. at 6A 6«.>, hf.-hd., uncut, SL 3s. 

SHAW'S LUTON CHAPEL, iU Architecture and Omamenta, lllnstii^fd in a aeriea of M 
highly flniabed Line Eoffravinga, Imperial folio (pub. ats^ 3«.), half moi.xco, uncut, IL 16*. 

1834 

SILVESTRE'S UNIVERSAL PALEOGRAPHY, or Fac^hnilea of the writinn of eveir 
aire, Uken from the moat authentic MiasaU and other tntereatin; M^nuacripta exlstinc In the 
Ubtaries of France, lUjy, Germany, and England. By M. SUvestre, containing upwards of 
300 larrre and moat wautUully executed f^-aimliea, on Copper and Stone, most richly Ulami- 
nated in the finest atyle of art, 2 vols, atiai folio, half morocco extra, gilt edjres, 31^. 10«. 

. The HiMorieal and Deacriptive L^tter-preaa by Champollion, Fiffeac. and Cham- 

poUion. jua. With addition* and correctioiu by Sir Frederick l^den. 2 toU. royal «»o. 
cloth, XL 103. ' j^^ 

' the same, 2 toIs. royal Sto, hf. mor, gilt edges (uniform with the folio work), 2/. St. 

SMITH S (C. J.) HISTORICAL AND LITERARY CURIOSITIES. ConaUting of 
Fac-almilea of lutei eating Autotrrapha, Scenes of remarkihle Historical Evente and intereatinK 
Lecalitlos, EngraTlnjrs of Old Houses. Illuminated and Missal Ornaments, Antiouities, &c. 
ftc. . contAininif 100 Plates, some iilumiuated, with occaaioual Letter.press. la 1 Toluaie 4to. 
half morocco, uncut, reduced to 3t. icjt 

SMITHS ANCIENT COSTUME OF GREAT BRITAIN AND IRELAND. From 
the7tli to the ICth Century, with Historical Illustrations, folio, with 63 coloured plates iliu. 
minuted with gold and sllrer, and highly finished (pub. at iQi. lOt. 1 half boundT morocco. 
extra, gilt edges, s/. 13«. 6d. ^ 

SPORTSMAN'S REPOSITORY: eomprisln* a Series of highly finished Line Ettgravinga. 
representing the Horse and Uie Dog, In all their Tarieties, by the celebrated emrraver Joh» 
Scott, from original paintings by Relnagle, Gilpin, Stnbbs. Cooper, and Landseer, accom. 
panleil by a comnrehensive Description by the Author of the " BriUsh Field Sports," 4to, with 
37 large Conper Phites, and numerous Wood CaU bj Burnett aad others (pub. at iL 12*. 6d.l. 
clotli gilt, W. I*. ' '• 

STORER'S CATHEDRAL ANTIQUITIES OF ENGLAND AND WALES. * ytOt. 

3vo., with ii6 eugravlnga ^pub. at It. 10*.), half morocco, 21. 12. td. 

STOTHARDS MONUMENTAL EFFIGIES OF GREAT BRITAIN. J47 beautlftiHy 

flniKJied Etchings, all of whicii are more or less tinted, and some of them highly illuminated in 
gold and colours, with Historical Du^criptioos and Introdxtetion, by Kkkpx. Folio (pub. at 
19^). half morocco, 8^. 8*. 


STRUTTS SYLVA BRITANNFCA ET S^OTICA; or, PortralU of Forest Trees, dlstin- 
gulshed (or their Antiquity, Maicnitude, or Beauty, comprising 50 very large and highly-finished 
painters' Etchings, imperial folio (pub. at 9/. 9*.), half morocco extra, gilt edges, U, 10*. 

182« 

STRUTTS DRESSES AND HABITS OF THE PEOPLE OF ENGLAND, from 
the Establlsihment of the Saxons in Britain to the present time; with an historical and 
Critical Inquiry hito every branch of Costume. New and greatly improved Edition, with Cri- 
tical and Explanatory Notes, by J. R. Plakche'. Esq., F.S.A. 2 vols, roval 4to, 153 Platea. 
eUoh, 4/. 4x. Tlie Plates, coloured, 71. 7*. The Plates splendidly illuminated in gold, silver, 
and opaque colours. In the Missal stjie, 2(H. IMS 

•STRUTTS REGAL AND ECCLESIASTICAL ANTIQUITIES OF ENGLAND* 

CunUiningthe most authentic llrprcsentaiiona of all the English Mouarchs from Edward the 
Confessor to Henry the Eighth ; together with many of the Great Personages that were emi- 
nent under their several Reigns. New and greatly improved Edition, by /. R. PlanchsT 
Es«., F.S.A. Fteyal 4to, 72 Plates, cloth, 21. 2*. The Plates coloured, 4/. 4*. Splendidly 
Uluminated, uniform with the Dresses, 12/. 12*. 1842 

.rry BBS' ANATOMY OF THE HORSE. 24 fine large Copper-plate Engravings. Impe- 
rial folio (pub. at 4/. 4*.), boards, leaUier back, l/. ll«.6d. *'*'«' o e ,r^ 

The original edition of thia fine old woik, which is indlspcnaable to artbts. It has long been 

consldcted rare. ^ 

''■*P'5A^'^'->'% SPOTTING ARCHITECTURE, comprising the Stud Farm, the SUIL 
the iUble, the Kennel, Race Studs, ftc. with 43 beautUhl steel aad wood illustratlMi*, several 
after Hancock, cloth gilt (pub. at 1/. lis. fit/.), W. U. 1250 

TAYLORS HISTORY OF THE FINE ARTS IN GREAT BRITAIN, t vola. post 
8V0. Woodcuts (pub. at U. 1*.), cloth, 7*. M. iSn 

•* The best view of tlie state of modern art."— C7iti/«d Statea* GaaHU. 

'^°??D^'t*2^ilN*A?pft?7l?i'iIfS,9E^ OR. THE CENTRAL 

AMA» tt 1 1 . ^■Tx^J*^.'^^ ^^ INDIA, COMMONLY CALLED RAJPOOT- 
iSaJ: RoLi"**"*- S^'S"*' •'• ^"^i »"P«r»»' «to. emliellUhed with abovTi exSemeS beSSi 
fcl llae Kagr^viags by FiVMjr, aad capital laqe feldiar m»F («. lie. H^SS^ UM 


PUBLISHICD OR SOLD RT H. O. BOB^« 


TURNER AND GIRTIN'S RIVER SCENERY; tolio, so beantirul •nmvlnn on ite*!, 
after ib« drawinsa of J. M. W. ToRirxik, brilUant Impreasioai, in « portldlio, wiUi moroce* 
back (pub. at &t. &«.)• reduced to 1^ 11«. 6d. 

' " •' the tame, with thick glazed paper betveea the plate8| half bound morocco, fUt 

edges (pub. at tU. df.), reduced to 2^. it. 

WALKER'S ANALYSIS OF BEAUTY IN WOMAN. P(«ee4«l by a erf Ucal view oftlio 
reneral Hypotheaen respectinir Beautj, by LaowAaDO da Viaci, Mavoa, Wimckelmaxk, 
llUMB, Hogarth, Burxb, Kkiuht, ALisoy, and others. New Edition, royal 8vo, iilua- 
trated by 23 beaotinil Plates, after drawings from iiA, by H. Uswabd, by Oadci and Lanb 
(pub. at 21. 3«.), gilt doth, 1/. It. Uit 

WALPOLE'S (HORACE) ANECDOTES OF PAINTING IN ENGLAND, ""Hh aom* 
Account of the Principal Artists, and CataJocue of Rngravera, who have been horn or resided 
In Englaml, with Notes by Dallawat; New Edition, Keviacd and Enlarged, by Ralph 
WoRKUM, Esq., complete in 3 vola. 8vo, witii nignerous twautiAil portraiu and plates, it, it. 

WATTS'S PSALMS AND HYMNS. Ilt.ostiiatbt> EnirioM, complete, with indexes of 
*' Sul^ects," ** First Lines,*' and a Table of Scriptures, 8vo, printed in a very large and heauti- 
flil type,ipembelllshed with 24 beautiful Wood Cr^s by Martin, Westall, and othera (pub. at 
1/. If.), gilt cloth, 7<.6<<. 

WHISTON'S JOSEPHUS, ILLUSTRATED EDITION, complete: containing both the 
Antiquities aitd the Wars of the Jews. 2 vols. 8ve, handsomely printed, embellished with 5S 
beautiful Wood Engraviiiga, by tarioua Arti&ts (pub. at IL 4«.), cloth bds., elegantly gilt, 14«. 

INf 

WHITTOCK'S DECORATIVE PAINTER'S AND GLAZIER'S GUIDE, containing the 
most approved methods of imitating every kind of (kncy Wood and Marble, in Oil or Distemper 
Colour, Designs for Decorating Apartments, and the Art of Staining and Painting on Olaaa, 
ftc, with Exanijiles te m Ancient Windows, with the Supplement, 4to, illustrated with IM 
plates, of which 44 are coloured, (pub. at 21. Ut.) cloth, 1/. 10«. 

WHITTOCK'S MINIATURE PAINTER'S MANUAL. Foolacap svo., 7 colourwl platas, 
and numerous woodcuts (pub. at it.) cloth, 3t. 

WIGHTWICK'S PALACE OF ARCHITECTURE, a Romance of Art and Hietory. Impe- 
rial 8vo, with 211 Illustrations, Steel Plates, and Woodcuta (pub. at it, lit. 6d.), cioth, U, U. 

1840 

WILD'S ARCHITECTURAL GRANDEUR of Belgium, Germany, and France, 14 fine 
Plates by Ls Keux, &c. Imperial 4to (pub. at It. U*.h half morocco, 1/. 4«. 1837 

WILD'S FOREIGN CATHEDRALS, 12 Plates, coloured and mounted like Drawings, In a 
handsome portA>lio (pub. at 13^. 12«.), imperial folio, &/. it, 

WILLIAMS' VIEWS IN GREECE, 64beautiltal Line Engravings hy Mtt.t.br, HoRSBvaon, 
and others. 3 vols, imperial 8vo (pub. at 61. 6«.), half bound mor. extra, gilt edges, it. Ut. 6eL 

183» 

WINDSOR CASTLE AND ITS ENVIRONS, INCLUDING ETON, by I-wtch 
Rbitchib, new edition, edited by E. Jessr, Esq., illustrated with upwards of 50 beautllul 
Xngravings on Steel and Wood, royal 8vo., gilt cloth, 13* 

WOOD'S ARCHITECTURAL ANTIQUITIES AND RUINS OF PALMYRA AND 
BALHKC 3 vo's. in 1, imperial folio, containing 110 line Copper-plate Engravings, some 
very large and folding (pub. at JU 7<.), half moroceo, uncut, 3i. 13«. 6d, 1837 


iaatural ?^istors, agrtculture, ^c. 

ANDREWS' FIGURES OF HEATHS, vith Selentifle Deaeriptioni. < toIs. royal xv«t. 
with 300 beautifully coloured Plates (pub. at 13i.), cloth, gilt, 7/. 10*. 184S 

BARTON AND CASTLE'S BRITISH FLORA MEDICA; OR, niSTORT OF THB 
MEDICINAL PLANTS OP GREAT BRITAIN. 2 vola. 8vo, Ulustrated by upwards of 3oo 
Coloured Figures of Plants ( pub. at iL St. ), cloth , U. \6t. 184ft 

BAUER AND HOOKER'S ILLUSTRATIONS OF THE GENERA OF FERNS, 
in which the characters of eacL Genua are displayed in the most elaborate manner. In a seriea 
ofmagnified Dibsectluns and Figures, highly finished in Colours. Imp. 8vo, Plates, U. 1838-42 

BEECH EY. — BOTANY OF CAPTAIN BEECHEY'S VOYAGE, eompn ing ,an 
Account of the Planta collected by Messrs. Lay and Colme. and other OiTlccrs of the 
Expedition, during the Voyave to the Pacific and Kehring's Straits. By Sir William 
Jackson HnoxRR, and G. A. W. Aaxorr, Esq., illustrated by lOQ Plates, beautiful Iv en- 
graved, complete in 10 parU, 4to (pub. at 7L lOc. ), it, 183K41 

BEECHEV.— ZOOLOGY OF CAPTAIN BEECHEY'S VOYAGE, compiled fh>m tb* 
Collections and Notes of Captain Beechet and the Scientific Gentlemen who acroapamed 
the Expedition. The Mammalia, by Dr. Richardkox: Ornithology, by N. A. Vigors, Esq., 
Fishes, by O. T. Lat, Esq., and K. T. Brk^ett, Esq.; Crustacea, by Richard Owrk; 
Esq.; Reptiles, by Johx Edward Gray, Esq.: Sh*1ls, by W. Sowerbt, Ehq.; and Geology, 
by the Rev. Dr. Bocklaxd. 4tc, illniitrated b^ 47 Plates, containing many hundred Figures, 
beautifully ca'cared by Bowxany (pub. axiLtt.), dotb, 3Ll3t.id, 183t 
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■OLTOirS NATIWAL HISTORY OF BIHT1SH SONQ eillDS.^ m«tr«toi witfc 
ibwM, Um ata* of Life, of the BMt. both Mmle and Female, te their nraet Natoni Anitadaa: 
Ikelr Neeta and Bne* Pood« Favourite PianU, Sbnihs, Trees, ftc Ae. New Bdttion, revise* 
Md very eooekUmblj aufmented. 1 vole, io I, madinm 4to, eomtalnteg M b e aati f uUy ootoared 
ytatee (pah. at «l. I*. I, bsirboaBd morocco, KUt backs, silt ed«ea,3i.ai. IMS 


BRITISH FLOfUST, OH LADY^ JOURNAL OF HORTICULTURE, •e^a.ftn^ si 
Mlo«ue4 plates of Bevcn aad groape (puh. at U. IU.U ^otk. It. Ua, UM 

WROWH-9 ILLUSTRATIOMS OF THE LAND AND FRESH WATER SHELLS 
OF ORBAT BRITAIN AND IRELAND; with Flirares, DeacaripU«ias, aiul Localities of all 
the Species. Roy-al 8vo, eontalnliqr un 27 larite Plates, 330 Flgtires or all the known British 
•Boeiea, In their ftell siae, accwralelr drawn frvn N«tai« (pnh. aX lifc),-cieth, Ite. 9d, IMS 


CUfmS'S FLOHA LONOfNEMSfS; Revised, and Improved hy Okoeok Onarvn, ex- 
tandpil and conttntied hy 8lr W. jACKsitK Ho«ke«; comprising the Hisutrv of Plaats tndi- 
Cenens te 4K«at Brluin, with Indexes; the Orawinn made by Stdsmiam. Buwaros, and 
LiVDLBT. 5 vols, royal folio (or lo» parts), contaioliMr «47 Phrtes, evIiiHitinfr the UM Mtsual 
dae of each Plant, wnh mamiiflcd Dissections of the Peru of Fructiftcatiun. Iic^all heauti- 
Mly eoionred ( pah. at (71. 4s. la parU ), italf bound meroocn, top edges gilt, 341L lB3t 

0£|i||)|Y~MONOQRAPHIA ANOPLURORUM BRITANtll^, OR BRITISH 
BPRCIBS OF PARASITE INSECTS (ptahllsbed under the nntmneiR of the Brtthdi Aaaoein- 
Ooa), Svo, nnmerons heaatiftai^ euioured platoK of Uee,noataiaiQg sevcrai hiaadiwd macniSed 
Bloth, If. :ir.«d. Utt 


BON'S GENERAL SYSTEM OF GARDENING AND BOTANY. 4 Tolmnes, 107^ 4to, 
rons woodeuto (puh. at 14^ b. ), elnih, IL I Is. Cu. MSl-USt 


BCtrS HORTUS CANTABRIGtENStS ; thirteenth BdMm, tvn (pvh. at U. 48.). deO, I2«. 
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DONOVANS NATURAL HISTORY OF THE INSECTS OF INDIA. B«h««d. by 
i. O. W«sTw<.on, Esq., F.L.8., 4tii, with M uLites, containing upwards ef 120 ea^ohiltcly 
•olowed ilguses (p«h. at 4U. te.1. rt«>lb, ««it, rednced to S<. ts. ISa 

DONOVANS NATURAL HISTORY OF THE INSECT^ OF CHINA. Enlari^ by 
^f. O. W«sT«o«». Baq., F.L.8., 4to, whh M plates, comalniBg upwards of 1» eaqolsltely 
«»leiifed flnres (poh. at C/. 6«.), cloth, frilt, iLU. 

•* D«>novai<*s work* on the InaecU of India and China are splendidly illustrated and cz- 
4reme^ usefhl.**— A'e'nrWMt. 

«'The entomoloirical plates of our conntmnan Donevan^sre hlfchly celonred, el8gnBt,aBd 

«seftil, especially those emitslned In his iiuMrto volumes (Insects of India and China), when a 

Luomher of species are delineated for the first tlae.**— Sr-" 


DONOVAN'S WORKS ON BRITISH NATURAL HISTORY. Ti«.-ln«ecta, i« vols, 
—Birds, 10 vols.— Shells, 4 vols.— Fisltes, i vols.— auadrwiMKls, S vols.— ttncei her Xtt vtris. Mo. 
•oMaMng IIM hcaatif^ny coloured plates (oah. at eiU. to.|, boards, 231. 17s. Ilie same set of 
M vols, hound In 71 (pnh. st 73^ lin.). half green OMtocoo extra, gilt edges, gilt backs, Itf. 
Aay of the classes may be had separstely. 

OOYLE^ CYCLdPEDlA OF PRACTICAL HUSBANDRY. •»< Rnnd AJfalrs la 
Oener*l,New EdiUon, Enlarged, thiek Me*, wtth 7« woed engMvtags <p«h. at Us.), cloth, 
ihflif. *•*' 

DBURY'S ILLUSTRATIONS OF FOREIGN ENTOMOLOGY; wherein «• •«*in»i»«* 
"m»arfs onwe exoUe Insects, of the East and West Indies- China, View HolUmd, North and 
Sooth America. Qermany, Stc. By J. O. Wkstwoo », Estt., P.L.S- SecreUry ol the Bntomo. 
iorical SncictT, fte. 3 vols, 4to, 110 Pistes, most b^utUnlly coloured, coutauilng above 604 
tigares of Insects (orifrinaUy pub. at UL Ida.), half hound morocco, 6(. !£•■ Gd. 1837 

.EVELYN'S SYLVA AND TERRA. A Diseonfae «f Forest Tree^ and the Propagation of 
tlmberTa Phlloeopblcnl Discourse of the Earth : with Life of the Aiifher.and Notes i>y Dr. A. 
Hunter, t vols. i«yal 4to. Fifth Improved Edition, with 46 Plates (p »K « !U. S«.), cloth, 22. 

flTZROY AND DAflWW.-ZOOLOCY OF THE ,VOVACE IN THE BEAGLE 
MCplateC mostly coloured. S vols, royal 4Kv («iA. ai «.), eleth, iL 4s. l«3«-43 

QREVILLE'S CRYPTOQAMIC FLORA, comprising the Mpeip»i Spates *»«* to Ontt 
- -tSrinelwIse of nil the New Speetes eeeenlto dieeevered to&wUani. «vels.«f^tn^ 
beautilhllv coloured Plate s ( p«b. « IM. IS*. )« ka.\t meraoeei, M. •■. I83W 


This, thoiich aoemplele Work In ItseU; ferms an atmest ir.il is |n nsahle M«ppleweiit to the 
Ifctftv.;*. votames of Sowerhy's EnxHsh Bsftany, w hich doe s «« •«"t^'^ CigjJjjninoDs 
PIsiits. It Is one of the most sdentille and best exocnied werka on ludigMimalMamyever 
yndacad in this country. 
tUUIDWICKE AND GRAYS W?«AN fOOj^OY. TWy «m,^^ 
^enyal MIo, Ml onlmued flaiee (pnh. at »LU ••••«. «• IM-t « "" mofoonw, i^ edges, 
14ll4«. 

iSUMIRIS'S AURELIAN: OR ENGLISH MOTWS AND BUTTERfLIES, Their 
^m5uS Hhion7to«ih« wHh thTpiMU «■ wMek they feedi See and rreaUv Inpeseed 

£vr?Mlr«ies«f Moths, B«tertMes,Cater|dllnr«.»e.,aiidt^ wMeh iMqr M, 

«Bi|«Mtely eelonMtt *ll»r w oriiilnsd drawings, half-bennd ineeoceo, «i. 4«. iwe 

nya estramely hsnwtlfiil weifc Is the only ene which eooiolaa ew F.iife»sh Meilhs and Sntteiw 

aweftheftJliwfulilM^toaa 4hek ehn^ei W C nr e q> n if , Otgm 


PUBLISHED OR SOLD BT H. G. BOBN. 11 


HOOK&R ANO GREVtLLE, ICONES FtUCUM; OR. RQURES OF FERNS 

Willi DRSCRIFIiONS, many of which hsve been altomtber oniiullred by Bouuitti, or ha** 

not Wan con^ctljr lleuml. 2 vols, fblto* with MO baauoAUly oolmirad PtetM (pub. at ISL 4ik|, 

kair Bwntcco. ffiil edffc*, ItL lU, It39-tl 

TlM cnndMt and moatvalnahl* of 1li*BWiirMi«i*lfle WorinpioiiiMd bjrSlrWllUam Hootar. 

HOOKER'S EXOTIC FLORA, eonUiniiw nr>m and Dmerfpffona of Bttrt, or othonrfM 
latcrMtinie Kxotic Planu, e«|>ec{aU7 of aurh aa am dMervlufr of b«inf cvltivated inovOaiw 
dens. S vols. faniieiiaJ tvo, eontaialiif tSS larft and baaotiftiUy colourad Piataa (pub. at tM.), 
doth, V. ft*. isn-uyr 

Thia ia the moat aupcrb and attractlva of all Dr. Hooker'a Tahiahla worka. 
••Th* * Exoiic Flora,' hjr Dr. Hookor, ia llko that of all the Botairical pobHcatloiM of tho te* 
dafctignblo author, oarolient; and it aaaumoa an appoaranca of flnlah and paaftetloa to 
wUeh noitbar tli« Botanical Magaaiao nor Baslator caa axtaraaUy lay alalai.'*— / 


HOOKER'S JOURNAL OF BOTANY; eonratninjr Plguraaand Doaeftpttonaorsuch Pbmta 
«a recommend themaelvea hv their novelty, rarity, or blaiory, or by the uaoa to which they are 
applied ill the Arta. in Medicine, and in Dnmoatic Economy; toacther with oceaatoaB» 
Boianical Koticew and Informatloa, and ocea«ional Pertraita and Manolia of omlaent 
Botanlata. 4 vol«. avo, noHMrodaplatta, aona coloured (pab. at Si.), cloth, U. It34-4S 

HOOKER'S BOTANICAL MISCELLANY; eontalnlnir Pfttuaoaand DoMrtpttonaofPlaata 
which recfimmeiid themselves by their novelty, larity, ur history, or by the tt»es to which thoy 
ar« applied In the Arta, in Medicine, and in Doaiestie Economy, together with oceasioaal 
Bounical Nmlce* and Inlbrmatiun, inclviling many valuable CoaBmanicationn from diitin- 
cnishetl Scivntiflc Travellera. Complete in 3 thick eola. loyai Ivo, whk MS piatea, many fliiely 
coloured ( pub. at M. M. ), i^t clotli, Si. ISt. M. MM-Sa 

HOOKER'S FLORA BOREALhAMERICANA ; OB, TRB BOTANY of BRiTtW 
BORTH AM Rill CA. lUiistratcd by 340 plates, complete la Twelve Parta, royal 4to, (piS. 
at 12L, I2f. ), «. The Twelve Peru eompiete, done up ia a vola. royai 4to, eatra efoth, U. 

taiM* 

HUfSH ON BEES; THEIR NATURAL HISTORY ANB OBNBRAL MANAGKMBIIT. 

New anil ereatly Improved Edition, containing alao the lateat Discoverlea aiid Improvemeata 
in every department of the Apiary, with a dneripthMi of the meat approved Hi vaa now to ii«o» 
thick ISmo, Portrait and auoMiroaa Woodcuu ( pub. at Ifla. W. U elotb, gilt, ••. td, MM 


JOHNSON'S GARDENER, ceenpleta la » eola. with awneiMe veodcnta, eontatntaf Ifto 
Potato, one vol.— Cucumber, one vol.— Orape Vine, two vola.— Auricula and Aspaiagua, oao 
VOL— Fine Apple, two vols.— Ataawherry. one vol.— Dahlia, one mi.— Peach, oae voL— Awla, 
two vols.— toaether \9 vola. Uao. weodcuu (puh^ at It. lQfc)» chitk, Ua. Mty 

— ^"^ either of the volumea may be had aeparately ( pub. at ta. M. ), at la^ 

JOHNSON'S DICTIONARY OF MOOERN GARDENWQ, ametooa Weodeirti^eHT 
tiiiak l3mo, chKh lottared (fptih. ^ 19»» M.), 4a A eompreheiiaiwe and alefiaat eolumo. MM 

LATHAM'S GENERAL HISTORY OF BIROS Being the Natuml Hiatory and Dooeiip. 

tion of all thi* Rinla (above four tliouaand) hitherto known or dearrilied by Narurallata, wMi 
the SynonynieH of preceding Wvlteiw; the bccomI enJarged and iaipraveH Edition, rooipvo- 
kondinu all the lUscovertra In Omithofoff'y aubsetiuent to the fbrmcr publication, and a Oetietal 
Index, II vnlR. in l<>, 4tn, with upwards otvm coloured Plates, lettered (pnh. at W. 8*.), elotk, 
7U 17a. *'t, Uinr*M(0r, lllSl-2«. YIte aame with tbe plates eaquiaitely cobiovad like dnwli||f, 
11 eela. in lo. elegantly half hottod, greea moroeco, gilt edgea, ISi. Ui. 

^EWIN'S NATURAL HISTORY OF THE BIROS Of NEW SOUTH WALES. 
Third Biiirion, with a» liulex of the ftelentiUc Namea and Synonymesby Mr. OovbDaad Mr. 
Bytok, fitliu, 27 piatea, coloured (pub. at iL 4a.), hf. bd. morocco. Si. Sa. 


UNOLEY'S BRITISH FRUITS; OIL FIGURES AND DESCRIPTIONS OF TRB MOST 
IMPORTANT VARIETIES OF FRUIT CULTIVATED IN ORBAT BRITAIN. S vola. 

royal Nvw, coiitMlnhiir l.>2 most beautifully coloured piatea, chiefly by Mrs. WiTiiaaa, Axltat 
to tbe Horticultural Society ( pub. at lOi. 10«.)» half bound, morocco extra, gilt odgaa, M. ia. 

Hit 

••Thia la aa exqnMtely beaotifkil work. B«err ptele i» Mm • VM^ •alMiod dnwlH, 

aijBllar to thoee in the Hortieoltvrai Tnneaetiono.'* 


LINDLEY'S DIG^TALIUM MONOQRAPWA. fella, M pkMoa of ibo ItagiMo Cri*» at 

4i.4a.), cloth, W. Ito. M. 
■ the aame. the piatea beautiftilly eoloared (pah. at «. ti^), olalk»2l. Ua. M. 

LOUOONS (MRS.) ENTERTAINING NATURALIST, being Pepalw 1>eacrlp(toM» 

Talaa, ami Anet*d«ite» of more titan Five Hundred Animala, comprebeadlng all tbe Qiiadraaaia, 
Birda, KisheH, IU)itites, Insects, Ac of which a hno« lodge ia indispenaahio in |NilHe tilana' 
lion. With Indexes uf Scientific ail Popular Names, an Explaratiunot Terawi and aa Af» 
aeiMMx of Pahuhma Aaimala, Illustrated iiy upwardn el M« beautiful w4Hideuis ay Bawus, 
BaavKv, Whimpkr, and othera. New Edinua, revfaied, eHiarged, and rorrected to Iha 
pieaem state of ;i<N>loirieal Knowledge. In one thick voL poit Rvo. gilt eloth, 7a. M. 

LOUDON'S (J. C.) ARBORETUM ET FRUT1CETUM BRITANNICUM, 
Ttaea and Sitrnlia af Britain. Native and Foreign, deltiaeaied and dea<-ribcdi with their . 
paClen, culture, nianaaenieni, and tiaea. Second improved Edition, 8 voiOk tva^ with aAoeo 
JMplaMaef.treea, and upwaeda olm» aaada n ai offt r ee^a n d ahra hatyih^at !•<.)»«. >» MM. 
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GJLTALOGnE OF VEW BOOKS 


MANTELL'S (DR.) NEW GEOLOGICAL WOHK. tub medat^ op creation 
or Pint Letsoittln Geology, and In the Study ofOnrmnic Remains; inciudfnar Geological Kx~ 
can Ions to the I ale of Sheppey, Hrifthton, Leves, TUgvte Poreat, Chamvood Forest, Farriny' 
don, Swindon, Calne, Bath, Bristol, Clifton, Matlork, Crich Hill, ftc. By Gipeok Algkb.- 
XOH Maktbi.l, Esq., LL.I)., F.R.S., &c. Two thick vols, foolscap 8vo, with coloured 
Kales, and several hundred beauti/til Woodcuts of Fo>sU Remains, cloth gilt, W. U. IM* 

MANTELL'S WONDERS OF GEOLOGY, or a Familiar Expoaition of GoolMleal Phe- 
nomena. Sixth greatly enlarged and Improved Edition, i vols, post Svo, coloured Platea, and 
upwards of 200 Woodcuts, gilt cloth, ISf. 184t 

MANTELL'S GEOLOGICAL EXCURSION ROUND THE tSLE OF WIGHT, 

and along the adjacent Const of Dorsetshire. la 1 vol. post tv«, with nomerous beautiftiliy 
executed Woodcuu, and a Geological Map, cloth gilt, 12*. 1S41 

MUDIE'S NATURAL HISTORY OF BRITISH BIRDS; OR, THE FEATHERED 

1\RIBKS CF THE BRITISH ISLANDS, t tola. Ivo. New Edition, the Plates beauti- 
fully coloured (puh. at W.I«.),eioth gilt, 1S«. x 1S35 

. ** This is, without any exception, the most truly ehanniag work on Ornithology which has 
hitherto appeared, (k-om the days of Wliloughhy downwards. Other authors descrilie, 
Mudie paints; other authors give the husk, Mudle the kernel. We most heartily concur 
with the opinion expreased of this work hy Leigh Hunt (a kindred solrtt) in the first few 
numhera of his right pleasant London Janmat. The descriptions or Bewick, Pennant. 
Lewin, Montagu, and even Wilson, will not for an instant stand comparison with the 
aplrit-stirrinz emanations of Mndic's * living pen,' as it has been called. We are not ac- 
quainted with nny author who so felicitously unites beanty of strle witli strengtb and nerve 
of expression ; be does not specify, but paints."— IFood*« OmitkiOogieul Grtide, 

RICHARDSON'S GEOLOGY FOR BEGINNERS, comprising a fhmillar Explanation of 
Geology and lu associate Sciencea. Mlnrralugr, Phvslcal Geolonr, Fossil Concholosy, Fossil 
BoUay, and Palaeontology, Including Directions tor forming Collections, ftc. By G. P. 
.RicHARD.soK, F.G.S. (formerly wltli Dr. Mantell, now of the British Museum). Second 
Edition, considerably enlarged and improved. One tliick voL post Svo, illutratod by upwards 
of 260 Woodcuts ( pub. at KU. Cd. ), cloth, 7a. 6d. IBM 

SELBY'S COMPLETE BRITISH ORNITHOLOGY. A moat magnifiemrt work of the 
Figures of British Birds, containing exact and faithful repreaeatationa in their ftili natural sixe, 
of all the known species found In Great Britain, 383 Figures in 238 bcautUViily coloured Plates. 
2>vols. elephant folio, elegantly half bound morocco (pab. at'lOM.), gilt liock and gilt edges, 
ill. lot. 1834 

" The grandest work on Ornithology published in this country, the same for Britlah Birds 
that Auduhon's is for the hirda of America. Every figure, excepting in a very fow Instances of 
extremely large birds, is of the fiill natural else, benatifUUy and accurately drawn, with all the 
•pirlt of life."— OmiMo/cwia^'a Tett Book. 

** What a treasure, during a rainy forenoon In the country, la anch a gloriooalj Illuminated 
iv»rk as this of Mr. SelbyT It is, without doubt, the most splendid of the kind ever pnbUahe4 
in Rriuiu, and «ili stMid a comparison, without any eclipse of its lustra, with the moat magni- 
fleent ornithological Hiustrations of the French school. Mr. Selhy haa long and deaerrcdlj 
ranked high as a scientiSc naturaliat. "—^iacifrKvotra JfagoMV. 

SELBY'S ILLUSTRATIONS OF BRITISH ORNITHOLOGY, t Tote. tro. Second 
Edition (pub. at U. la.}, boarda, 13a. U3S 

SIBTHORP'S FLORA GR^CA. The most costly and magnificent Botanical work ever pub- 
lished. 10 vols, folio, with 1000 l)enutif\illy coloured Plates, half bound morocco, publishing 
by subscription, and the number strictly limited to those sulucribed for (nub. at 253/.), C3<. 

Sc|»arate Prospectuses of this work are now ready for delivery. Onlr forty copiea of the 
original stock exist. No greater number of subscriben' namaa can tliorefore be received. 

SIBTHORP'S FLOR^ GR>EC^ PRODROMUS. Sive Plantamm omnium Bnumeratio, 
quae in.Provinciis aut Insulis Graciae Invenlt Job. Sibthorp: Cbaractercs et Synonyma 
omnium cum Annotationibus J AC. Eor. SsuTH. Four puts, la S thick vols, Svo (pub. at 
2/. 3«.), 14«. lomUxi, 1816 

SQWERBY'S MANUAL OF CONCHOLOGY. Containing a complete Introduction to the 
Science, Illustrated by upwards of 650 Figures of Shells, etched on oopper-piates, in which the 
most characteristic enamples are given of all the Genera 'estsbil^.eJ up to the present time, 
•rrnnged in Lamarcktan Order, aerompanied bv coploiu Explanations: Observations respect- 
ing tiie Geographical or Oooloirical dlstrihutlon of each ; Tabular Views of the Systems of 
Lamarck and De BIsinville : a Glossary of Technical Terms, Ac New Euition, oonsiderahly 
enlarged and improved, with numerous Woodcuts in the text, bow flnt added, 8vo, cloth, iSf. 
The plates coloured, «loth, \l, Ifia. 1846 

SOWERBY'S CONCHOLOGICAL ILLUSTRATIONS; OB, COIOXtrbd FIOURE.H 
. OF ALT. THE HITHERTO UNlf'IGUftKD SHELLS, complete In 900 3dnllB, Svo, compris- 
ing neveial thousand Figures, In parte, ail beautifully coloured (pub. at 15/.), 7L lOs. IM 

SPRY'S BRITISH COLEOPTERA DELINEATED; containing Figurea and Doaeriptions 
of ail the Genera of Bfitlsb Beetiea, edited by Skvckard, svo. with M plates, compriaing tfSt 
figures of Beetles, beautifully and most accurately drawn (pub. at /^ ja. ), cloth, \U U. UM 
*' The moat perfect work vet published in this department of British Entomolugy." 

STEPHENS' BRITISH ENTOMOLOGY, U vola. svo, loQ eoionred Platas (Bnh.at2U.), 
half bound. 8/. Ss. ' USS^ 

Or aepaiateiy, LBffBOVTBBA. « vola. U. 4a. CbLBOPTBRAy • vols. %L 4a> DujtAmBA. 
Onnior., NnuBtav . Im 1 1 v«l U u UriiBuoerBBa., S vola. SL M* 


PUBLISHED OK SOLD BT H. 6. BOHK. IJt 


SWAINSON'S EXOTIC CONCHOLOGY: OR, FIGURES AND DESCRIPTIONS OF 
RAUe. BEAUTlFULt OK UNDESCKiJJED SHELLS. Royal 4to, coniUuiiiK 94 iBrseamt 
beautifuily coloured &gur«s of Shells, half bound mcr. Kilt edge* (pub. at iL Ui, »i. 13<. 60, 

SWAINSON'S ZOOLOGICAL ILLUSTRATIONS: OR. ORIGINAL FIGURES AND 
OESCKIPTJONS OF NEW, RAKE, OR INTEKESTIKO ANIMALS, lelected chiefly 
from Uk* ClaM^H of Oruitbology, Kntoniotogy, and Concboionr. 6 vols, royal 8vo, containioc 
SiS ftuely coltturwl pUtes ( pub. at 16^ li>«.), balf bound morocco, flit edges, M. 9t. 

SWEETS FLORA AUSTRALASICA; OR. A SELECTION OF HANDSOME OR 
CURIOUS PLANTS, Natives of New Holland and tlie South Sea Islands. 1& Kos. fomiiiv 
1 vol. royal Svo, complete, vitb M beautifully coloured plates (pub. at 3*. !&•.), cloth, 1/. 16«. 

1827-2V 

SWEET'S CtSTINE^; OR, NATURAL ORDER OF CISTU8, OR ROCK ROSE. SO 
Nus. furnung 1 vol. royal tvo, eomylete, with 112 beauUfulljr coloured plates (pub. at U, 3«.)t 
cloth, 2/. Via. id. 182t 

** One of the most Interesting^ and hitherto the scarcest of Mr. Svcet's^autUu) publications." 


iiliscellancotts ©nglisfi Uitcramre, 

INCbUDIXO 

HISTORY, BIOGRAPHY, VOYAGES AND TRAVELS, POETRY AND THE 
DRAMA, MORALS, AND MISCELLANIES. 


s 

BACON'S WORKS, both English and Latin. With an Introdartory Essajr, and copious 
Indexes. Complete In 2 large vols. Imperial Svo, Portrait (pub. at 2L 2<.), cloth, 1^. 16*. 1S3S 

BACON'S ESSAYS AND ADVANCEMENT OF LEARNING, ''ith Memoir and Notes 
hr Dr. Taylor, square 12mo, wiUi 34 Woodcuts (pub. at 4«.), ornamental wrapper, it. 6rf. 

1840 

BANCROFT'S HISTORY OF THE UNITED STATES, from the Discovery of tho 
Aoaerlran ConUncnt. Twelfth Edition, 3 vols. 8vo (pubUsbed at 2L 10«.), cloth, U. 11«. 6c/. 

1M7 

BATTLES OF THE BRITISH NAVY, from a.d. looo to 1840. Bj Joseph Allxk, of 
Oreeiiwicli Hospital. 2 thick elegantly printed vols, foolscap Rvo, illustrated by 24 Portraits 
•f British Admirals, besutifully engraved on Steel, and numerous WuodcuU of Battles (pub. 
at 1/. 1<.), clutli gilt, U«. 1842 

**l1ic)ie volumes are invaluable; they contain the very pith and marrow of otur best Naval 
Histories and Chronicles."— Smm. 

**The liest nntl most cumulete repository of the triumphs of the British Navy which has yet 
Isaiied fruui tlie press."— (/Mi/rd Service Gvuette. 

BORDERER'S, THE TABLE BOOK, or Gstherinirs of the Local History and Romance of 

tbeEnKiUhand Scottish borders, by M. A. Riciiakdrok (of Nfjcoastle), 8 vols, hound ln4, 

royal 8vu, illustrated with nearly looo interesting Woodcuts, extra cluib (piK. at 3/. lOt.), 

li^nt. A'ewcaiHet 184S 

*»* One of the cheapest and most attractive sets of books Imaginable. 

BOSWELL'S LIFE OF DR. JOHNSON; BY THE RIGHT HON. J. C. CROKER, 

IncorporatSnK but T<iur to the Hebrides, and accompsjiied by the Commentaries of all pre- 
eedine K<liii>rs: with numerous additional Notes and lllostmtfve Anecdotes; to which are 
added Tmu SuppleutenUry Volumes of Anecdotes br Hawkikn, Pioski, Murphy, TrEBs, 
Kkykolv-s, Strevkns, and others, lo vols. I2me, lilustrated hv upwarcbl of 50 Views, I'or- 
traiu, and Miects of Auto^aphs, iinely engraved on Steel, from l3rawings by Slanfleld, llard- 
liuf, sc, ciuth, reduced to U. lOf. IMg 

lliis nev, improved, and freatly enlarged edition, bcantiniliy printed in the popnlsr form ot 
Sir Walter Scott, and Ityron's Works, is just such sn edition aa Dr. Johnson himsetf loved and 
rocommeiuleil. In one of the Ana recorded in the supplementary volumes of the present edi- 
tion, be says : " itooks tbst you may carry to the ilro, and hold readily in your hand, are the 
most usefo! after all. Such books form the mass of general and easy reading." 

BOURRIENNES MEMOIRS OF NAPOLEON, one stout, ckisely, but elepintly printed 
vol., rooisfop i2mo, with fine equestrian Portrait of Napoleon and Frontispiece (pub. at5«.), 
elotij, 3t. (id. 1S14 

BRITISH ESSAYISTS, vis.. Spectator, Tatler, Gnardltn, Bainbler, Adventurer, Idler, and 
ConnolKeur. 3 thick vols. Kvo, purtraita (pub. at 2^ ft«.), cloth, U. 7«« JUthar volume may bn 
bad separate. 

BBITISH POETS, CABINET EDITION, conulnlvg the complete vorks of tha prladpa] 
Bniriiah pocis, from Miltun to Ktrke White. 4 vols, post 8vo (sise of Standard Llhiwy) 
printed in a very snail but bcautiiul tMte, 22 Aledallkui rortnlte (pub. tltt, M.}, cloth. Us. 


■« 
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GATALOOtnB OV WEM BOOKS 


mOUGHAM'S (LOitD) POUTICAL PHIljOSOPHY, and : 
tfon, 3 vflit. Sw ipuh. at it. \U. Oct.), ctotil, it 1$. 

■nil Britisii Cunfltituttoo {^ poHioa of th* pMewIbiff workV* '"o»«lalk, Sn. 

BKOUGHAM'S aORO) HISTORICAL SKETCHES OF aTTATESMCN, a 
Vubllc Chmnettn of ttie time of Omitm HI. VoL 111. aofal 8«o» vMi 10 Am 
(pnb. at R If.), eloth, lOb dd. MM 

BROUGHAM'S (LORD) LIVES OF MEN OF LETTERS AND SCIENCE, 

floombcd Id the time of Oaorg* III, royal ivo, %iA 10 ftn* portndt* (pub. at U, U.), owUi, 


■Maa.alao««btlMpor«rBili.dMa7lvo(pub.atU.la.)»eMimafc«rf. ItM 

MOWNE-S (SIR THOMAS) WORKS, COMPLETE, bielnding hi* Tnlgv Bnon. 
Bailitio MvdicI, Urn BurUi, ChrUtton Momla, Corrtcpoodvoce, Joamals, and Tracts, maajr m 
thaan hitherto unpuhllshed. The wbol* collectaU and mUImI hjf fiufOM Wii,Kiif, F.L.A. * 
TOl>. Ovo, fliie Portrait (pub. at 31. Sa.), cloth, IL lU. id. Firtfmif, MM 

**8ir Thomas Bruwne. the contain porarj of Jarnmy Tarlar, HooIm, Baaon, Seldas, aatf 
Xohert Burton, Is umiountadiy one of tiB most elu<{(ient and poetical o' that irreat Iharary «E» 
His thouvhu an often trulj sublime, anu alwajs conveyed la the most Impressive laagnag*.'* 
— OMHters. i 

BUCKINGHAM'S AMERICA; HISTORICAL, STATISTICAL, AND DESCRIPTIVE, ' 
▼la. : NortiuTii Kutes, 3 vols. : Eastern and Western States, S vols. ; Southern or Slave Statea, 
S vols, i Canada, Nnva Scotia, New Brunswick, and the other BrMab Pravinces in Norik 
Amerira, I vol. Together stout vols. Sva, aumeroiu fine EDaraTings (pub. at 6L lOt. <dL), 
Cloth, 2Llf.M. lS4l4» 

** Mr. Buckinirtiam frees deliberately throtiith the States, treatinf of all, historically and sta^ 
tlstieally— of their rise and progress, their manufactures, trade, population, tepovnohyi iki^ 
liBtyi reeoumra, morals, manners, edaeattoB^ and se forth, ffw irefnmM wUt be fomma m alew- 
Aoww of lnwniHi'dlfe."^utlketurmM. * 

** A very entire and comprehensive Hew of the United States, AUgently collected by a mum 
•f great acuteness and observation."— I4f«rery GutetU, 

BURKE'S (EDMUND) WORKS, with a Biopaphieal and Critical tntrodnetlini by ]lo«r»«- ^ 
a vols. Imiierial svo, closely but handsomely printed (puh. at 2t St.), elotk, H, lOSi 


BURKE'S ENCVCLOP/EDtA OF HERALDRY; OR, GENERAL ARMOURY^ 

OF ENOLANl). KCOTLAND, AND IKRLAND. Comprising a Beglstsy of all Ananrial 
Vearinics, Cnteta, and Mottoes, flrom the Eariieat Period to the Present lime, inchidlBg tii* 
]ate OranU by the CoileRe of Anna. Witit an Introduction to Heraldry, and a IMrtionaej of 
Terms. Third Edition, with a Supplement. One very large vol. hnnerial Svo, beautlfvUjr* 
printed in small type, in double columns, by Whittihobax, emhelliaJied with an elBbonil»| 
rrantianiece, richly Ulnmlnated In geld and eolotua: idae WeodeitCi (pab. at SLSkLaWil* 
gUt, U. to. NM' 

The moat elaborate and ttaefal Work of the kind ever pabllahed. It eontaina iwvaida off 
10,000 armorial lieariairs, awl bicornorates all that have hitherto been given bv OafiliBn, B#> 
■KMHlaon, Collins, Nisbet, Berry, Rebson, and others; besides nuiny thousaaa itames wh i ch 
beve never apiteared in any previous Work. This volume, in fiwt, in a small comp n s a , hut 
without abridgment, contains more than (bur ordinary quartoa. 

BURNS' WORKS. WITH LIFE BY ALLAN CUNNINGHAM, AND NOTES BY/ 

SIB WAI.TKH SCOTT, CAMPBELL, WORDSWORTU, LOCKHABT, kc Boyal tvo, 
ftne PorinUt atid Platea (pub. at lb.), cloth, uniftirm with Byron, lot. td. Mtf 

This is positively the onhr complete edition of Bums, in a single volume, Svo. It eonlalaa 
Bot only every scrap which Burns ever wrote, whether prose or vetie, but ^ao a eensidefahte ■ 
number of Kcittcli national airs, collected and iliustrated by him (net given elsewhere) sod ftiU 
and Interesting accounts of the occaaiona and circumstadces of his varioua writlnga. The 
Tcry eempiete and interesting Life by Allan Cunningham alone occupies 104 pages, and the 
Indices and Oluasary are very ooplous. The whole forms a thick clegant!]|i prbited velnflM» 
extending in all to 840 nages. The other editions, including one published in similar *buie, , 
with an abridcmeiit of the Uflr by Allan Cuaningbam, comprised In only 47 pages, aad wm ' 
whole eolume in only aoA pages, do not contain above two-thlnia of the above. 

CAMPBELL'S LIFE AND TIMES OF PETRARCH. WHhSoMceeofBoceaocloaadlla 
lllBstrious Contemporaries. Second BdMon. S vols. Svo, fine Portraita aad Plates (p«h. at 
IL llf. Od. >, elotli, las. ISM 

GARY'S EARLY FRENCH POETS, a Series ef Notices aad lYanalatlena, with am lalro. 
dnetory Sketch of the History of Ffeeaeh Poetry; Ediud by his Son, tiie Rev. H&XRX Cainr.' 
fbelscap, avo, eioth, s«. lUfr 

CARYS LIVES OF ENGLISH POETS, •wpplemeiitary to Dr. JoHvsov*a «Ueea.»» 

Edited by his Son, foolscap Svo, cloth, 7«. MM 

CHATHAM PAPERS, belag the Correspondence of WUIisn Pitt, Bari of Cba«ha». 
Edited by the Kaecutors of bis Son, John Earl of Chatham, and published from the '^-'-'-' 
Manuscripts in their possession. 4 vols. Svo (pub. at 3L 12<.), cloth, 1^. St. 

jrnrray, II 
"A production ef greater historical interest conld hardly be Imagined. It is a 
woA, wki«-h will directly paaa hito every library ."—Lrtfrnrji GasetU. 

**Then is hardly any man In modern times who fills so large a apace in our htatory, aai« 
whom we kotiw su little, as I^ Chatham; he waa the neatest SUteaman and OraKv thaS 
IMe eountry evfr peiloroil we regaid tUa Work» theiefora, as om ef (tao noa t ea t f nlaO b ** ' 


rUBLISHED OR 80ZJ> BT H. G. BOBN. 

CHATTERTON'S WORK& both Prose and PoMicid, tnehidliif hto LettOTi; with Stt 
«f %!■ Ur«, IKstaqr «f tli« AowlMr C«iita»verey, Mut HotM Ciflieat Mau fispUnatorjr. t 


vol** 


K«v». «l«irMtlv printed, wMi Bngravcd ^u-dmllM at CkaCtortoii's H«idirrtttai(r «ad th* 
toy Mas. (|Hib. at Ut.), ctoch, ilh Lvg* Paper, t veto. «M«a •*• {pvk, m li. U.)t oioth, 

m, IMS 

**Werton, MaloMt Croft, 1>r. Rnoz« Dr. Micnrta, ead e^en, is pveae; and tcont, Wonls- 


fteitli, Ktrke Wbite, Mimtsomerj-, Shelley, Coleridge, and Kmu, n vecM; have conferred 
iBBtimr Immortellty upiin tbe Poeai* efChattertoB." 

**Cli«ttert4Hi*t eraa a nalns I *« thai ot Homer aai Sh^apaan, whioh ai^poaia aat abora 
aace In loaay eeiiturtoa.^->KkiraiM«« A'wour. 

•*4?ft^'^ JJ?*-f- *>•> TRAVELS m VARIOUS OOUNTRtfS OF EUROPE, 
AMiA, AND AFAICA, 11 voU. tvo. OMfw and ptetae (p«k. at IM.), ctoih. U. U. IW-li 

CtipStC TAtES, CaMnat Edition, ce»pftoia« Um Viearaf WakeMd. Rlluhelk. ff^ul and 
fmato. 0«ljiver*s Travela, Sterae** Sentlmenul Jearaey. Soirowe of Werter, tlModosiua 
aad Con»tan«U, Caette of Otntoto, and B aM o iaa, conptota to 1 nL UaM.: 7 laadalttoa por- 
tMlU (puh. a« tto. dd.), ctotli, U. U. 

OOUNAN'S (GEORGE) POETICAL WORKS, eontalntac Ma Broad Orlaa. Yaflariei, aad 

SaeentiieUtoe, S4mo. woodcuu (pub. at s*. Ikl.), etoth, U. 6ci. iu» 

POO^R'S CJ. F.) HISTOAY OF THE NAVY OF THE UNITED STATES OF 
AMERICA, flron tlie EarUeat Perloa to tba Peace of MM, t aola, tvo (pah. at U, Ito.), gUt 

COPLErS (POIIMERLY MRS. HEWLETT) HISTORY OF SLAVERY AND ITS 
AAOLITIOK. Secoad Edition, vttk an Appendix, tiitdi wbU •*•, Eoa Ptirtralt Cf 
Cta«lBMii(pMli.aid«.),eioCli.to.<d. U» 


COBT&LLjO'S SPECIMENS OF THE EARtV FRENCH POETRY, ftna iba ttec off 
tte^nubado'irs to the Retfrn of Henry IV, poet tvo, with « Plalea, aptoadH^ JM— i—tod la 
«»ld and coliMHa, aioth elk, I«a. lUi 

COWPERS COMPLETE WORKS, EOITED BY SOUTHEY; eomprialmt WaF 
Ceiaeepondeaca, and tVanilatlone; wMb a Uto of tbe Autber. M tola, poet Mo, — *^^' 


mUk aiuMfWM asqoleitc Eairnvtaga, ^er tiM deeigai of lUsvST <p«b. at at, *^'>i«|j>^ 

Tbto to the only complete edttioa of Co«par*a Worta, praae and poettaal, wlitak haeamv 
heen t\vm to the world. Many of ttaam are attil •acluaveljr copyilght, aad ^'^ 

cannot appear in any other editioa. 

CAAWFURD'S (J.) EMBASSY TO SIAM AND COCHIN-CA4INA. i 
Mapa, and n Platoe <pob. at U, lU. Cd.), et::l, IS*. 

eSAWFURD'S EMBASSY TO AVA, with an Apoepdix on Fberil ftemaim hjr 

EoactAwo. a eato. avo, wkh U Mapa, PIMM, aad Vlsaatoaa (puh. at U. Ufc fd.]u «lig. 

Ui« leae 

CmitKSHANKS THREE COURSES AND A DESSERT. A le»tae aTTatoa, to Thraa 
Eato, TlR., Irish, I.efal, and Miaccllaiieotw. Cniwn svo. with 61 aBtoaiaalr ctoear «ad comla 
JUaitratloos ( puhllidiing in tlie lllttetrated Llbmry at M.) 

**Thto U an eauaortUnaty parfurmance. Such an union of the painter, the poet, aad lh» 
aaweltot, in mie person, fa unesampled. A tithe of the talent that foea to niaklqt the atortaa 
«a«ld set up a doaeu of aonnai writer* ; and a tithe of the inventtva saalua that to diaplafad la 
Urn illmrtraliooa would fhratoh a fallery."— Jywetetor. 

4MVIS'S SKETCHES OF CHINA, Duiiasroa lalaad Jaavaay aff Paw Mamha; wlUi aa 
oTtheWar. T«avola.,#aatt*o. wkhaoawmapaf Chlaa4pa(h.«t*to.Kola*,tk 

IMI 


OIBDIN'S BIBLIOMANIA: OR BOOK-MADNESS. A Elbltafiaphtoal EMaaaea. Kav 

EdMon, with considerable Additions, including a Key to the aaauwed Cliaraetem la tha 
Braaw, and a 8u|>pteinent. I veto, royal «vu, baadaomely printed, emhelliehed by ooBMroaa 
Waadcole, many af which are now flvat added <p«b. at M. to.), cloA, !<. lis. tid. li^nf Pnpcb 
iaperiaJ 8vo, orwhteh oaty eovy tow coptca were printed <puh. at «. to.1, cloth, SI. Ma. td. 


Hito eel<«Mnated Wofk, which anitos the entertainment of a romanca with the moat ealoaiiia 
Mhrmation on all hihlioflnra|<hical sulxiecta, has Iouk >>een very srarce and sold fur conaidarahiP 
apar Ihr M. at., and the iarge paper far apwavda of Mc«>iMMmf >* 


I 

CUBDmrS (CHARLES) SONGS, Admiralty edition, complete, with a Mematar hy T. 
DiaiiiN, illustrated with M Characteristic Sicetchea, aagxavad -oa Etoal hy ^Mmmms CawB- 
•■XKK, ismo, cloth tattered, to. ItM 

DOMESTIC COOKERY, by a Lady (Mrs. Rovdbli,) New Edittoa, wUh nnmaiaaa addittonal 
laertote. by Idia. Eiiica, Itoao., with » pltoas < pah. a* to.) otoih, to. MM 

WMKE'S SHAKSPEARE AND HIS TIMES, tociadiag the Btopraphy oT the Poat^ 

eitlciams on his Genlas aad WritiuKa, a uew ChrooeloKy tu J.to Plays, aiwia Hiatary of the 
anners, Cu»i«mN, and Amtiaemcnts, Superstitions, Poeti7,aad literature of the fiUaafaothaa 
Sn. 2 vuIn. 4IU (almve 14M paaes), with fine Porualt tm a Plate of Atiu«rapha (pkJh. at 
•<. to. ), cl«Kh, U. u. IMT 


> A maav«>)y |>rodiirtlaa, the puMlcattoa of vhfeh will feeai aa eparh ip the Sbak meri a a hla- 
?of (hiscoiintr>. It comprises also a complete and crttfcal aaalysia of all the Ptoya aad 

Foams of Khaksp«are : and a caBpraaaaalve aad powerlM dnich at tha coatawparaiy linn 

touai"-- C«a«nwa«'< Aiofaum, 


> 6 GATALOGtJE OF NKW BOOKS 

ENGLISH CAUSES CELEBRES, OR, BEMA&KABLE TRIALS. Sqavt ISno, (]nriL 
«t U.), omainenUi vr^ppcr, Zt. 


FENN'S PASTON LETTERSt Oririnal Letters of the Puton FUnlty, written durtef lb* 
JUiKntof HeT.rv VI, Edwanl IV, and Richard III, lijr variona Pcraona of Rank and Conae- 
quencc, rhi«HT on Hiitortcal SuHircta. New Edition, with Notea and Corrections, complete* 
2 vols, hniinii' in I, sqaare 12ino (puh. at 10*. )• cloth gUt, it. Quaintly bound in merooit 
morocco, carved lioants, in the early style, flit edges, lit. It49 

The orlcinal edition of this very curious and interesting seriea of historical Letters it » rare 
Hoolc, and sella for upwards of ten guineas. The present is not an abridjrment, aa might h« 
aiipposed trom iu form, hot gives the whole matter by omitting the duiilicate veraion of the 
letters written in an obsolete language, and adopting only the more modern, readable veraion 
pulilixlicd by Penn. 

** llio l>aston Letters are an ImporUnt testimony to the iirogressive condition of society, ana 
come in as a precloua link in the chain of the moral hiatory of England, which they aieae la 
tills period siii)ply. They stand indeed singly in Europe." — Haltam. 

FIELDINQ'S WORKS, EDITED BY ROSCOE, COMPLETE IK ONE VOLUME. 

J Tom Jones, Amelia, Jonathan Wild, Joseph Andrews. Plays, Essaya, and MlsceUnnles.) 
ledium 8va, with 20 capital Plates hy Cruikbiiakk .pub. at U. it.], cloth gilt, 14«. IMS 

"Of all the works of imagination to which English genius has given orlein, the writings of 
Renry Fielding are periiaps most decidedly and eacluaively her own." — Sit Wader Scott, 
**'Va9 prose Homer of human nature." — Lord Bynm. 

FOSTER'S ESSAYS ON DECISION OF CHARACTER ; on a Man's Writing Ucmolra 
of Himself; on the epitliet Romantic: on the Aversion of Men of Taste to Evangelical Reli- 
gion, ftc, Fcap. wo, Eighteenth Edition (pub. at fi«.), cloth, it. IMC 
** I have read with the greatest admiration the Easayi of Mr. Foster. He Is one of the teoat 
1»rofound and eloquent writers that England has produced."— A'r Jomn Uoekkaoih, 

FOSTER'S ESSAY ON THE EVILS OF POPULAR IGNORANCE. New Edition, 

eleeaiitly printed, in fcap. Svo, now first uniform with his Essays on Decision of Character, 

cloth, it. lUT 

** Mr. Foster always considered thla hia best work, and the one by which ho wished h» 

literary claims to he estimated." 

** A work which, popular and admired as it confessedly is, has never met with the thonsandUi 
part of the attention which it deserves."— />r. /'ye Smith. 

fROISSARTS CHRONICLES OF ENGLAND, FRANCE, AND SPAIN, 8(C New 

Edition, by Colonel Johaes, with ISO beautiful Woodcuts, » vols, super-royal Svo, cloUi 
letUred (pub. at It, 16«.), 1^ U. IM9 

niOISSART, ILLUMINATED ILLUSTRATIONS OF, 74 plates, printed in gold and 
•nleura, i vola. super-royal Svo, half hound, uncut (puh. at iL 10«.}, zL 10*. 

■■' the aame, large paper, S vols, roysl 4to, half bound, uncut (pub. at 10/. Ito.), 81. 6*. 

nkOISSARTS CHRONICLES, WITH THE 74 ILLUMINATED ILLUSTRATIONE 
INSERTED. S vola. super-royal Svo, elegantly half bound red morocco, gilt edgea, emble- 
waticaliy tooled (pub. at BL it.), 4i. lOt. IMt 

GAZETTEER.— NEW EDINBURGH UNIVERSAL GAZETTEER. AND GEOGRA- 
PHICAL DICTIDNARY, mere complete than any hitherto publlahed. New Edition, reviicd 
and completed to the present time, by Johw Thomson (Editor of the UHtoertat AiUt, kc.\, 
vary thick Svo (in40 pages). Maps (pub. at 18a.), cloth, 13s. 

Tnis comprehensive volume is the latest, and by far the best Universal Gazetteer of its alie. 
It includes a full account of Aifghanistan, New Zealand, ftc. ftc. 

QELL-S (SIR WILLIAM) TOPOGRAPHY OF ROME AND ITS VICINITY. An 
improved EdlUon, complete in 1 vol. Svo, with several Platea, cloth, 12«. With a very large 
Map of Rome and Ha Environs (from a most careful trigonometrical survey ), mounted on cloth, 
ana folded in a case so aa to Ihrm a volume. Together 2 vols. Svo, clotli, 1/. Is. 1S4C 

*' llieaa volumea are so replete witli what la valuable, that were we to employ onr entin 
Journal, we could, after all, afford bnt a meagre indication of their Interest and worth. It is, 
Indwd, a lastl g memorial of eminent literarr exertion, devoted to a suhiect of great import- 
ance, and one dear, not only to everv scholar, nut to every reader of Intelligence to whom the 
truth of history is an oh)«<ct of consideration." 

CILUES' (DR.) HISTORICAL COLLECTIONS, Relating to Remarkable Perioda effba 

Success of the Gospel, Including the Appendix and Supplement, with Prefaces and Con- 
tinuation by the lie v. H. Bokar, royal Svo (pub. at lit, o«(.), ck)th, 7<. 9d, IS4* 

CLEIG'S MEMOIRS QF WARREN HASTINGS, first Ooverenr-Oencial of Bcmal. t 
vale. Svo, fine Portrait (pub. at U. it. ), cloth, lU It. IMt 

GOETHE'S FAUST, PART THE SECOND, as completed In ISSl, tnutalated into Engliah 
Verse by John Macdokald Bill, Esq. Second Edition, fct^. Svo (pub. at 6s.), cloth, 3s. 

l§ft 

SOLDSMITH'S WORKS, With a Ufe and Notea. 4 vols. fcap. Svo, with engraved Titles and 
PUtes by Stothau> and Cat;ixaHAKK. New and elegant Edition (pub. at 1/.), extra 
eioth, IS*. IMi 

" Can anv author-can even Sir Walter Scott, be compared with Goldsmith for the variety. 
beauty, and oower of hIa compositions t You may uke him and * cat him out in little atan,' n» 
■anv lights ooes he present to the imagination."— .-l/AeitfrMw. 

**The volumes of Goldsmith will ever constitute one of tlie moat precious ■ wells of English 
undefiled.'"— Quarler^y Rwiew. 

Wars and Cam- 

' country from the 

TUTKlsb yoke. By the late Thomas Gordok, General of a Division of tho Greek Army. 

•acead Edition, % vols. Svt^ Utft and Plans (puh. at U. lOi. 1. cloth. 10s. 6d. uh 
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QORTON'S BIOGRAPHICAL DICTIONARY, S thick Tote. sro, cloth tottcrad (ptth.ft 

GRANVILLE'S (DR.) SPAS OF ENGLAND and Principal 8m Bathtaf Plaeea. S to1% 
poa 8T0, viih laife Map, and upward* of M beautiful WoodcuU (pub. at U. ISt.), cloth, Ite. 

GRANVILLE'S (DR.) SPAS OF GERMANY, 9w,w1A» Woodcuta and Haps (pub. ai 
1««.), cloth, Oi. IMS 

HALL'S (CAPTAIN BASIL) PATCHWORK, consUting ofTraTcIa, and Adventum in 
Svltxcrland, Italy, Fraacc, Sieilj, Malta, ftc. S vola, Umo, Second £dMion, cloth, gilt (pub. at 
10*.), 7«. Gd. 

MEEREN'S (PROFESSOR) HISTORICAL WORKS, tranalated from the German, tIi.-. 
Abia, New Edition, complete in 3 voIb.—Africa, I vol.— Ei/rofe akd its Colomixi,'! 
vol.— Amciekt Orebck, and Historical Treatikbs, 1 vol.- Makval op AxcikxtHis- 
XORT. 1 vol.— together 6 vols, ftvo (formerly pub. at 7<.), cloth lettered, uniform, 3^ 3*. 
*»* New and Complete EditknUt wUh General Indtjrt*. 

*' Profeasor Heeren't Historical Researches stand in the very highest rank among thoM with 
which modern Germany has enriched the Literature of Burope."— <2Mer<rr4|r Revkw. 

HEER€N'S HISTORICAL RESEARCHES INTO THE POLITICS, INTERCOURSE, 
AND TRADES OF THE ANCIENT NATIONS OF AFRICA ; including the Carthaginians, 
Ethiopfana, and Rgrptians. New Edition, corrcrcted througiiout, witli an Index, Life of the 
Author, new Appemfixes, and otiier Addltioiu. Complete in 1 vol. 8vo, cloth, 16«. USO 

HEEREN'S HISTORICAL RESEARCHES INTO THE POLITICS, INTERCOURSE, 
AND TRADES OF THE ANCIENT NATIONS OF ASIA; including the Persians, Phoe- 
nickuis, Bahyloniansi, Scythians, and Indians. New and improved Edition, complete inl 
vols. 8vn,, elegantly printed (pub. oririnally at 2L S*.), cloth, \l. At. 1846 

*'One of the most valuable acqulsiUons made to eur historical stories since the days of 
Oibbon. "— i^^Aribntm. 

HEEREN'S MANUAL OF THE HISTORY OF THE POLITICAL SYSTEM PF 
EUROPE AND ITS COLONIES, fk-om its formation at the close of the Fifteenth Ccnttiry. 
to its j-e-ctitaMishment upon tlie Fall of Napoleon, translated from the Filth German Edition 
New Edition, complete in 1 vol. 8vo, cloth, 14«. 184C 

**The heat History of Modem Europe that has yet appeared, and It Is likely long to remain 
without a rival."— WMm/mon. 

**A work of sterling value, which will dUTnae oseftil knowledge for generations, after all the 
■hallow pretenders to that distinction are fortunately forgotten.^'— X.*/rrary Gaselte. 

HEEREN'S ANCIENT GREECE, translated by Baxciioft: and HISTORICAL 
TREATISES; vix:— 1. The Political Consequences of the Reformation. TI. Tiie Rise, Pre* 
gress, and Practical Influence of Political Theories. III. Tlie Rise and Growth of the Conti- 
nental Interests of Great Britain. In 1 vol. 8vo, with Index, cloth, 15«. 1847 

HEEREN'S MANUAL OF ANCIENT HISTORY, particularly with regard to the Constf. 
tvtions, the Commerce, and the Colonies of Uie States of Antiquity. Third Edition, corrected 
and improved. 8vo ( pub. at 1A«.), cloth, 12«. 
<»« New hJditim, tmih Index. 1847 

" We never remember to have seen a Work In which so much useful knowledge was con- 
densed into so small a compass. A careful nxamiiiation convinces us that Uiis book wUl lie 
useful for our English higher schools or colleges, and will contribute to direct attention to tha 
better and more instructive parts of history. The tranalatioD is executed with great fidelity.** 
-^Qitarteriy Journal of Education. 

HEEREN'S MANUAL OF ANCIENT GEOGRAPHY. For the use of Schools and 
Private Tuition. Compiled fVom the Works of A. H. L. Hssrrx, 13mo (pub. at 2«. 6ft.), 
doth, 2s. Oxford^ TcUfroys, 18M 

**An excellent and mostuseflil Uttle volume, and admirably adapted for tlie use of schOola 
■nd private instruction."— literary Gagette. 
" A valuable addition to our list of school books."— ^fA«n«um. > 

JACOB'S HISTORICAL INQUIRY INTO THE PRODUCTION AND CON- 
SUMPTION OF THE PRECIOUS METALS, 2 vols. Svo (pub. at U. U.), cloth, 16t. 1831 

JAMES'S WILLIAM THE THIRD, comprising the History of his Reign, illustrated in a 
series of on|«nblished letters, addressed to the Duke of Shrewsoory, by James Vrrkox, 
Secretary of State, witli Introduction and Notes, by G. P. R. Jamks, Esq. 3 vols, Svo, P?r- 
traiu ( pub. at 21. 2«.), cloth, 18s. 1841 

JAENISCH'S CHESS PRECEPTOR; ft new Analysis of the openlnga of Games; translated. 
with Notes, by Walker, 8vo, cloth lettered (pub. at \U. ), fit. id. 1847 

lOHNSON'S (DR.) ENGLISH DICTIONARY, printed veriiatim fVom the Author's lai.t 
Folio Edition. With all the Examples in ftall. To which are prefixed a History of the Lan- 
guage, and an English Grammar. 1 large vol. imperial 8vo (pub. at 2/. 2s.), cloth, XL U, 184ft 

OHNSON'S CDR.) LIFE AND WORKS, by Mvrpht. New and improved Editioo,c«a- 
plete ill 2 thick vols. 8vo, Portrait, cloth lettered (pub. at U. lis. 6d.), \U. IBM 

AHNSONIANA; a Collection of Miscellaneous Anecdotes and Savings, gathered from neariy a 
hvndred different Publications, and net coetained in Bokwei l's 'Lite of Johnsoh. Edited by 
J. W. Crorxr, M.r. thick fbip. •*•* *N»sf«it Md frontispiece (pub. at lOs.), cioth, U, «d. 


It CUITALOODS or KKW BO<»:t 

■ I I- " III II I ■ I I ■ ■ I — ^^, 

JOHNSTON'S THAVCLS in southern ABYSSINIA, tkroufk «Im Cvaaity «r AAiL 
to tiM iUiiiidoiB of fIboiL S tols. Wo, map awl platas (pvb. at U. ••. ), cifMi, nw. W. IMfi 



mmVS WONOCRPUL MUSSUM. l van. •»» 
ftailn (pak. at4<. 4«.|, «la*, N. I*. 

KNIGHTS JOURNEY-BOOKS OF ENGLAND. BE&KSHIEE.taelndfaif afWl 

Hon ar WlaAsav. With « SMcraHafs aa WaaA, «n4 a laqa Uloainaicd Ha|^ 

to I*. 6A 
HAM PBHIRB, laeladlng tba lala af WlgMu WItk Jt BagnivlBia oa Waai« t 

mtuata^i Map. Ba4uca4 to St. 
l>SaBYI»lll RE, Incladliif tkc Faik, ftc WHh Bafiwftan aa Waad, mcd 

Bated Map. Redaced to la. td. 
UNT. Wltli M EaRraTln«» aa Waad, aad a*lai0i lllWBiaalad Map. Badiwad ta te. M. 

KNOWLES'S IMFROVEO WACKER'S PRONOUNCING OICTiONAftY, oaatafntaiK 
•Wva 5a,aeo additional Words ; to aiiieb ia added aa Aocaataalad Vocabulary of Claiisieal and 
BevivCuM Prauar NaaM*, aaw EdMon* la I iMck kaadaaaM aoUiaaa, larga ava, arltb Pottratt. 
alatli lattarad (pub. at U. 4j. ) , 7*. «d. lS4b 

LAOONtCSj OR, THE BEST WORDS OF THE BEST AUTHORS. Saaanth 

Xdltloa. S vols, ima, wtah alatant V)roDtlg]Haeaa, eoutaiDlDt M Fwiraiu ( pub. at ife.), cloih 

aflll, 7*. dd. Titty Uttt 

Tbta pUaiant aallaetlen of pMijr aad MataaHoaa raadla|a»ta« tka Wit Bai^iek aadion al 

4D a«as, hai luag aajoyad ipaat aad daicnrad popnlad^. 


lANE'S KORAN. SEUECTK»NS fROM THE, «tlh aa iMraaaaa Caaiawataiy, ..«. 
latad fron tba Acabie, nctbadicalfy arnugad, aad lllustratad by Kotas, svo (pub. atlOt. ftt.)^ 


UEAKEV (COU TRAVELS IN THE MQREA. STah.t«a. VMiavatylumllKpar 
flw Moica, aad apvarda af W variaoa MapCt PtaMt PtelM af aadaat Graak laiajvOHW, ke. 
(pab.ata<.l«.UMrtb, li.tk llM 


LEWIS'S (MONK) UFE AND CORRESPONDENCE, with aiaaT Ptaeea to Pnaaaad 
VaiM aaaar baftiat pablhdwd. Saola.ava, portaatt (pttlkaCIL«iw).cla(^ la^ M^ 

iAhTERS LIFE OF EDWARD RRST EARL OF CLARENDON- 'With OMaal 
Carroapandaaca aad AothaallD Papaia,a a a ai h t bm pablhihad. $ aaia. tva, PaiUak (aab. at 
S(.«f.).clotb. Ita. mt 


9f.>>.).clotb, Ita. 
•* A Work aflahariaiM maweh. vflllaa wItt auatartf abUlty.**-vi<iM. 
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KHART'S HISTORY OF THE CONQUEST OF MEXICO AND NEW SPAIN, 
KD MElioiM or THE COKQUlSTAbOIL BEENAL IMAZ DEL CAETILLo! 

Wrlttea by talnMelf, aad aow aial canptateljr tnuntaled fnm tha arlfrlaal Spantah. S vola. 
•aa, (pab. at 1^ «i.), cloth, tl«. U|d 

•^EanaU Dias'i aasouat baaia all tba aurtts of aathcirtldty, and H accoanpaatad arUk aodh 
aSaaaaat aal«at4, with lucb tatarastinK dataiia. and such amurinfr vanity, and yet no paidoeabla 
fa aa old Midler, who baa hern, aa he boaata, la a hundiad and alnctaaa baitiaa, aa rendan hla 
hack oae of the moat akvatar that la to ba found In any laoraaica.'*— f;r. JKotertaea hi dii 
•AMferyqf^awriM.** 

tjOOQE'S (EOMUNDI ILLUSTRATIONS OF BRfTISH HISTORY. BIOQRAPHY, 
AND MANNRR8, In the Kclgna ofHenry Vill., Edward VI., Marv, RHzabaih, aad /avaa l; 
Second Rdltlon, with above W autofrapha of tba prladpal eharactaia ut the pieiiod. Thfaa 
«ala.«*a4pab.«tU.Ua.),ali»ih,U. UM 

MACGREGOR'S PROGRESS OF AMERICA fROM THE DISCOVERY BY 
COLUMBUS, to the raar IM£, cnvpriafaiK tta Hl8tor>' nad Stotiatka, t lauarkdhiy tlilA 
aaiumea. Imp. taa, eladi lettered ( pub. at 4L 14a. Cd. ), li. lla. Od. 


MALCOLM'S MEMOIR OF CENTRAL INDIA. Two vala. ito^ thM adltiaa, wMi taM 

map ( pub. at \L m. U eMti, \U. l2l 

SiARTINS (MONTGOMERY) BRITISH COLONIAL UBRARY: formlaa a papular 
and Autlirntic Daatriialun of aU the Colonlea of the Biltiab RaipLre, and eniKraana tha 
Hiatory- Physical Ge<t(rraphy-~Oeol«)fty— Cltmata—Anlmal, VeaetaMv, and Mineral Klnf. 
doDia—Oovemmentr-Plnanea— Militanr Dafeace^Comnierca— fialpnlair'-Moneury IgpateBi— 
Ealllrion— PAi>ulatton. White and Cofoared— Education and the Prvaa- Rnil ration— Sodal 
•teto. ftc., ef each SaKlaaMiit. Paanded »b OOdal and Public DMctMaoHta, faralahad hjr 
Corernaiant, the Han. Eaat India Coaipaay, Ac. tlluatraled by ariitlaal Hapa aad Plilii. 
If vnla. foolacap tvo (pni<. at M.), cloth, 1/. 1S«. 

Theae lu vala. eoatata tba • *ola. ava, ««rh«tiai, aM a Ibw addltlaaa. Each valoaaa tf th* 
ahave acriea la eumplato la iiaeii; aad aold aeparatolf^ aa bUasa^ ak » dd. :— 

VoL I.— Tiia CAaanaa, l/praa avd Lowea. 

VaL II.— Maw Sovtm WaLsa, Va* Di8MBV*a Lan^ Bvaa Eivbb, and SoiTa Avs- 

CKALIA. 

Val. III.— T«B Cams OP Oaoa aars, MAirairfva.Md0BTcaBLS.aa. 

Vol. IV.-Tmb Wbbt iKoiKa. Val l.»^awilna, HwilanMi, Trin«MU TXioatai. Onaadi, 
4he Bahaniaa, and the Vlrirln lalea. 

Val. V.-.THa Waar Immkb. Val. f|.-8«WBh Oaiaaa, B««wdaaa, ft. Laria, St. ▼taeeat, 
Damerara, Eaaaqalba, Bariitea, AnpiUla. Tariala, St. Kfil*a, BaHaida. A]tt%aa, MaMtaoat, 
Banriaica, and Mevia. 

Vol. VI.— Nova Scotia, Nbw BnoifawicE, Cafb BaxxflM* PaiacB Eiiwaui*s lau^ 
tm*. BcaMWWAB, llawaa«viij,AKi». and lfvi>aov*s Bat. 

Vol. VI I.— GraaaxTA a, M alt a, Th a io«f a k laLAViie, Itc, 

Vol. VI 1 1 .— Thk E a ar I n di bh. Vol. I . containina Baackl, Ma '.laa, Bo»hay, Agn. iu^ 

Vol. IX.-rKB Eamt f KMaa. Vol. il. ^^^ 

ytti. X.— Britikw PwaaRKMtoKK it: tub laniA* avd ATuAnmc OcBa«a, afB.-^0»loB, 
^■lanir, Malacaa, Hlripapora. Sierra Leant Hm OaaMa* Ca«A Oaaat CaaU% AMn,tta faih* 
«^ld lataada, ht. Ualeua and Aa c a a i i ^a 


PUBLXSHBD OH SOU) BT H» 0» BOHK* ' 19 

<!■■ II II II !■!' ■ ■ i ■ '■ " I III I ■!■» 

MARTIN'S (MONTGOMERY) CHINA, PoHtleal, Cmmntntal, mi SMteL Xw ««ik 
•vo, • mft|M. MatUtlesI Ubtoa, fte. f pwk. st U. 4«. ), cloth. Ita. 1M7 

MAXWELL'S LIFE OF THE OUKE OF WELLINGTON. S handwa* wIumi^ •«•.. 
•SmlMNlMhMt «ith nmacrant btafelj-flnkilMd Line>Eii|rr*vtiiftB by Coopsa and other onitaoMi 
AiUna, coMwthiv of Rottlo-PlocM. Portniu, Mitltnrjr Plant «id Map«; bmidiN a gnat 
tBombor of ftnc Wood Bnirraviiiica. (Pub. at SI. 7a. )« clofrant ia gUt cloth, li. Mt. hatf i»p«r, 
*Ijidia prooAi ( wub. at .M. ), Hit elotb, «. 9$. 1839^1 

** Mr. Maswctrs * Lite oTtho Dvke of w«|iiaR«an,> to ow optolMi, haa aa^itval amonv ahatia* 

; jmblleatiotH of Uia dajr W« proaoanco It fraa Iron flattery aad boi a haa t , suarlnat 

and masterly Tlio tfpo and nMcbaaleaJ exo^MKkm an adarirablc^ the plana af 

"tettlos and alefres namerotta, aatple, ead aaefUl ; the pottiaha of the Dnke and U» wanrlor 
aonteaiporarleii many and nithhti; the battle pieuirea aatmaited aad brilliant; and tha 
Tl^ettee of t*^***" — aad aianaew worthy of the ndlltaKy ffoaiaa ef Hoiaaa Veraet hhaaolfc"— 


MILL'S ELEMENTS OF POLITICAL ECONOMY, aaw XdMea, wviied 

•*o (pub. at lu.), cielh, 3«. W. 

MILTON'S WORKS, BOTH PROSE AND POETICAL, «Hb aa I t ro da e t u r y Seetow, 
hy pLKTCHKn, complete in I thick tM»l. imperlai Bvo (pub. at !<. 8e.), eleth lctt«nd, II. U. MIS 
Thie l« tJie only complete edition of Mllton'a Proee Worka, at a moderate pried; 

MiTFORO'S HISTORY OF GREECE, BY LORD REDESDALE, Che Chroaoloay cor*' 
laeted and compared with C«iN««N'a nmti Hrtitniru by Ki»a, (Cad^VlHl MMt BMMh tSe beH 
Bdttiea, Ui3H> • «wis. tvo f p«K at U. 4*.), gUt cloth, U. lie. 
Tyee-ni«riti««d calf extra, b* CLAaaa, U. it. 
Ia reepect t4i tbi« aew and Uaproved editioa, one of the mon aailiurt a thal M a of < 


la reepect t4i thw aew and Unproved editioa, one of the moai ■bmium a thal M a of Ihe uiaaaat, 
4n haa exiiresael hia oolnioa that **the laereaaed advanti^aa gtvea to It have doubled tha 
erarfnal value of the work.** 

It abouUi lie oheerved that the atuaeroaa addltloaa and the amended Chronoiogy, flrom tfiat 
Thlaabie performance, tlie Atari Hetigmki, ue suhjolnod la ^ ^ape ef Motea, ao aa eel ta 
Interfere with the intefrrtiy of the text. 

As tliere are many editlona of Mitfavd*» O iaaee heftiffa the public, it may be aecesaaiy to 
aihaerve that tlw preeent octavo edition in the only one which eontalaa Mr. Klni^t laat eone e- 
tloB8 and additioiia { which, aa atatcd in hto advertiaement, are aaatcrlaJ ) ; It la at the lama 
tine the only edition which shoald at the preaent day he choeen Cor the fentleauui'a Uhraif^ 
beinft the handnfimeat, the moat correct, and the mnet cnainlete. 

Lord Byron sayH of Mltford, *«lUaia the beat Modern HIatefy af Q rae a a ia aay laairaage« 
and he h perhape the heat of all modern hlateriana irhaiaoever. Hla etartuea eve liniirfaiiL 
iihoar, research, and earneatneaa." 

** ConaMered with reapect, not oirty to the wh(4e aerlae ef aadeiit eventi whieh It eemprlaea. 


hvil aiao to any vciy prominent portion of that aeriea, Mr. MHIbid*a MlMofy la tha beat 
haa appeared ainee the daya of Xenophoa."— £<<hi6«ryA Rniew* 


MONSTRELETS CHRONICLES OF ENGLAND AND FRANCi; by 
Joanaa, with Notea, and anwajrda of 100 Woodeuto (aaUiMnn wllk VMtoactlTt vah 
layaltve, cloth letUred (pab, at Ik l«t.), U. 4a. 

MOORE'S (THOMAS) EPICUREAN, A^TALE; AND ALCffHRON, A POCML 
Toaaaa'a Illunrated Bdttk»n, fcap. seo, 4 heavtiflil Bagnvtafa (pab. at lOa. M.),etoth, Sa., 
er eiegantly houud in morocco, 7a. 6d. tHt^' 

MORES UTOPIA, OR. THE HAPPY REPUBLIC, a PMleaeahteal RMaaaee; to which 
la added, T11R NEW ATLANTIS, by Lord Bacon; with a PreUmiaery ZHaeouiae, aaid 
Kotea, by J. A. St. Johk, fcap. 8vo (pub. at ••.), eloth. 4t. M.~Witfc tte iOt of Sir Thomaa 
If ore, by 8ia J *Maa Macb laraeH, 9 vela. Heap, tvo, cloth, la IMS 

NCLSON'S LETTERS AND DISPATCHES^ by Sir HAiaua yiewAt»r «ak.0«a fpah. 

atM. IOa.),cloth. 3^ I0«. 


NWBUHR'S HISTORY OF ROME epttamlMd, with GhfoaaloBleat TMUee ■*« n itt- 
pendix, by TRAvxaa Twisa, B.C.L. X voia. Ivo, cloth (pub. at 1^ la.), \U.^i, 

—»...«.—— the aame, to eaU; aUt (for aeheal prtaea). \u> 


OSSIAN^S POEMS, tranafatad b> MAcraaaMon. with DtoaeftMloaa coMeralaf the Bra ■■< 
pioemaof Okmiak; and Dr. B la in 'a Critical Dlaaertatlon, eoatpJate to I aeatty prtoted eel. 
''~- Frontispiece ( pub. at 4*. ), dofli, St. IM^ 


OUSELETS (SIR WILLIAM) TRAVELS IN VARIOUS COUNTRIES OF THft 
EAST, MORK PA RT1CULABLY PEIUSIA ; with Extracto fh>m rare and valnabte OrlnSt 
ilannaerlitu ; and ue Platea and Mapa, S vote. 4to (pub. at lli.), extra daiJt boarda, U, la. 

OXFORD ENGLISH PRIZE ESSAYS, new BdMoa* hrea^to dawa to MM, • vak^ 

tvo, cloth lettvrcd (pub. at Si. &t.), li. &t. 


PARDOE'S (MISS) CITY OF THE MAGYAR, Or Ruaaan and her fasttaMaM l» mm. 
40» S vola. avo. with » En|rravinira (pub. U XU lit. 6d.), gilt cloth, lot. id. It4a 

PARRY'S CAMBRIAN PLUTARCH, cumpriaing Memotra of aome ef the meet eataeat 

Wehhmen. l'ri>m the earliest tiniCN to the pr«t>eiiC, Nvn (pub. at lAt. M.), ctoth, At. tlM 

PCRCrS RELIQUCS OF ANCIENT ENGLISH POETRY, eenatottoir ef OW Hcidte 
Ballailn. Sontra, and other Pieces of <jQr Earlier Pofta, toeeiher with aome few of later dato, 
and a ropiona OloMsary, complete in I vol. ntetlium Rvo. New and eto(canl Editioa, wM» beaa> 
lihilly entrrawttd Title and Frontiapieee, by Stkphanopp (pub^ at las.), cloth, ailt, 7a. «A to44 

**Ilut aliow all, I tlivn flnt became aci|iiainted with Biahop Percy'a ' lUllqaea of Andedt 
Peetrv.' Tlie lirat time, too, I could acraiie a fbw aMIItafra iaBethi>r, I boacht unto myaeVa ^ 
copy of ttie««e ltriove«t volnmea; nor do I believe 1 ever lead a booh half ae fraqaeatiy, or iM» 
katf ih«- enihiiiiiMMm."— «ir WaUer Scott. 

** Percy*e Reli«iaea are the moat afrecahla aolecMaavpeihi^etWhtafe witoiihaay taafHMk* 
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CATALOOtl!. OF NEW BOOKS 


MPULAR ERRORS EXPLAINED AND ILLUSTRATED. Bt Johv Tz»bs (AatlKir 
of Laconics, and Editor of the *' I llustrated London News,") thick fcap. Svo, clOMiy but 
eleyantly printed, Frontlnpiecc, cloth, reduced to H. 184L. 

DIOR'S LIFE OF EDMUND BURKE, »itb unpahlUbed Speclmena of hU Poetry and 
Letters. Third and much imprnved Edition, tvo. Portrait and Autoffraphs (pub. at lU.f, idlt 
cloth, 0«. 1839 

** Excellent fiNling, in perspicuous and forcible Iaagvm9e."'-Quarterljf Remevt 

PRIOR'S LIFE OF OLIVER QOLOSMITH, fVom a rariety of Original Sources, ? toIs. 8to. 
bandsomely printed ( pub. at 1^ lOa. ), gilt cloth. 12». 1837 

**The solid worth of this biomphy consists in the many striking anecdotes which Mr. Prior 
has gathered iu the course of his anxious researches among Ooldsniith's surviving acquaiuu 
antes, and the immediate descendants of his personal friends in London, ar.d relations in 
Ireland ; above all, iii the rich mass of the poet's own fauniliar letters, which he has been 
enahled to bring together for the first time. No poet's letters in the world, not even those of 
Cowper, appear to ua more interesting."— Quorler^y Review. 

RAFFLES' HISTORY OF JAVA, AND LIFE, with an account of Bencoolen, and Details 
of the Commerce and Resources of the Indian Archipehigo. Edited by Lady Baffles. 
Together 4 vols. 8vo. and a splendid quarto atlas, containing upwards of 100 Plates by Dakiet., 
many finely colourea (pub. at At, 14«.), cloth, 2^. 8«. 1830-33 

mCH'S BABYLON AND PERSEPOLIS, viz. Narrative of a Journey to the Site of 
Babylon; Two Memoirs on the Ruins; Remarks on the Topography of Ancient Bahylon, by 
Major Rbnhell; Narrative of a Journey to Persepolls, witfi hitherto unpublished CuneiXbnn 
Inscriptions. 8vo, Maps and Plates (pub. at 1/. l«.), cloth, 10«. fief. £>iiiica», 1839 

KITSON'S VARIOUS WORKS AND METRICAL ROMANCES, as Published bv 
Pickering, tbe Set, viz :— Robin Hood, i vols.— Annals of the Caledonians, '2 vols.— Ancient 
Songs and Ballads, 2 vols.— Memoirs of the Celts, 1 vol.— Life of King Arthur, 1 vol.— Andent 
Popular Poetry, 1 vol.— Fairy Tales, 1 vol.— Letters and Memoirs of Bitaon, 2 vols : together 
12 vols, post 8V0 (pub. at 0^. St. 6ti.), cloth gilt, 3/. 8(. 1827-33 

Or aepnrateljt ot/oUowi : 

KITSON'S ROBIN HOOD, a Collection of Ancient Poems, Sonars, and Ballads, relative to tkat 
cclebraled Outlaw; with Historical Anecdotes of his Life. 2 vols. I6«. 

RITSON'8 ANNALS OF THE CALEDONIANS, PICTS, AND SCOTS. STola.l6i. 

RITSON'S MEMOIRS OF THE CELTS OR GAULS. lOt. 

RITSON'S ANCIENT 80N0S AND BALLADS. 2 vols. 18«. 

RITSON'S PIECES OF ANCIENT POPULAR POETRY. P.ostgvo, 7*. 

RITSON'S FAIRY TALES, now first collected ; to which are prefixed two DissertatienB_J. Oa 
Pigmies. 2. On Fairies, St. 

RfTSON'S LIFE AND LETTERS OP JOSEPH RITSON, Esq. edited from Originals in th(v 
Possession of his Nephew, by Sir Harris NiroLAs, 2 vols. Ifri. 

** No library can be called complete In old English lore, which has not the whole of the pro- 
durtions of this laborious and successful antiquarv '* — AtAenontm. 

** Joseph Riuon was an antiquary of ilie first otfler."—Quar/«Wy Review. 

fiOBINSON CRUSOE, Cabinet Pictorial Edition, including his Further Adventures, with 
Life of Defoe, &c. upwards of 60 fine Woodcuts, from Designs by Haktxy, fcap. 8vo, New 
and improved Edition, with additional cuts, cloth gilt, it. IU6 

The only small edition which is quite complete. 

" I*erhaps tliere exi^its no work, either of instruction or entertainment, in the English lan- 

Siage which has been mure generally read, or more deservedly admired, than the Life and 
dventures of Robinson Cr vot."— Sir WaUtr Scott. 

RODNEY'S (LORD) LIFE,. by LiecU-Gcn. Mvtot, New EdiUoa, foap. 8vo, Portrait, clotk 
(pul».at6«.), 3».6d. -1 »- , ^ 

ROLLINS ANCIENT HISTORY, a New and eomplete Edition, with engraved Frontispieces 

and 7 Maps. 2 vols, bound In 1 stout haiidscme vol. royal 8vo (pub. at U. 4«.), cloth, 12i. 1844 

Tlie only complete edition In a compact form ; it is uniform in size and appearance with 

Moxon's Seties oi Dramatists, Sic. The previous editions of Rolliu iu a single volume are 

greatly abridged, and contain scarcely hair the work. 

fiOSCOE'S LIFE AND^PONTIFICATE OF LEO THE TENTH. Newandmuch 
improved Edition, edited by his Son, Thomas Roscoe. Complete in 1 stout voL 8vo, closely 
but very handsomely printed, illustrated by 3 fine Portreits, and numerous iiluatrative En- 
gravings, as head and tail-pieces, cloth, 1^. 4s. . 1845 

ROSCOE'S LIFE OF LORENZO DE^ MEDICI, CALLED 'THE MAGNIFICENT." 

New ami much improved Edition, e<lited by his Son, Thumas Rokcob. Coraolete in 1 stout 
vol. 8vo, closely but very handsomely printed, illustrated by numerous Engraving*, introduced 
•a head and tail-pieces, cloth, I2<. 184} 

** I have not terms sufficient to express my admiration of Mr. Rowoe's genius and eruditioD, 
or my gratitude for the amusement and inforntation I have received. I recoruniend his labours 
to our country as works of unquestionable genius and •incommon merit. They add tbe name of 
Roscoe to the verv first rank ot English Ciatisical Historians."— it/n/MtM, FunuiU ttf lAtertiwt. 

•• Roscoe is, I think, by r«r the best of our Historians, both for beautr of stvle and for deep 
leflectiona; and his translations of poetry are eoual to the originals.' -WulpoU^ Larif^fOifard. 

IIOSCOE'S ILLUSTRATIONS, HISTORICAL AND CRITICAL, of the Life ot 
JfOrenKu de Medici, with an Appendix of Original Documents. 8vo, Portrait of Lorenao, and 
Plates ( pub. at 14«.), boards, ?t., or iu 4to, srijtutd to match the original editioiB. Partnli 
JM^Plates (pub. at 1/. lit. ad.), boarda, 10.. 
*•* This f elume la supplementary to all editioua of tke wotk. 


PUBLISHED OR SOLD BT H. 6. BOHN. 21: 

ROXBURGHE BALLADS, edlt'd by Johh Patvs Colltkr, pott 4to, beaatfftilly printad 
by WHtTTiKOHAii, and cinb«l* ^d with M curious WoodcuU, half boand morocco, lu the 
Bozburgb atylc (pub. at M. ^ ,, If«. 1847 

SCOTTS (SIR WALTF'J POETICAL WORKS. Containin* Lay of the Last Minstrel. 
Mannion, Lady ofthe Laka, Don Roderie, Rokehy, Ballads, Lynes, aiid Sonrs, wlta Notu 
•nd a Life of tlie Author, eompleu in on* •legantly printad vol. 18mo» Portrait and Frontis- 
pleea (pub. at &a. ), cloth, S«. 6d. IMS 

SHAKESPEARE'S PLAYS AND POEMS. Valpt's Cablnat Pktorlal Edition^ with Lift. 
Olosaarial Notes, and Historical Difrasu of each Play, ftc. 15 vois. fcap. 8vo, «U1i 171 Plaft^ 
•Dgraved on Steal after deslpis of the most dlstin^iahed British Artists, siso Fac-slmtle^ ., 
•11 the known Autographs of Shakespeare ( pub. at U. Ite.), cloth, richly gilt, it, &•. 1843 

SHAKSPEARE'S PLAYS AND POEMS. In l vol. 8to, vlth Explanatory Notea, asd a 
Memoir by Dn. Johksov, portrait (pab. at 15«.), elotb, 7*. fid. 

SHAKSPEARE'S PLAYS AND POEMS, Pocket Edition, with a Life by Albxavdbr 
CUAUfRKS, complete in I thick toL ISmo, printed in a Diamond type, with 4u steel Engrav- 
ings ( pub. at iat,td.), cloth, te. 1848 

SHERIDAN'S (THE RIGHT HON. R. BRINSLEY) SPEECHES, with a Sketch of liis 
Life, Edited by a Constitutional Friend. New and handsome library Edition, with Portrait, 
complete in S vols. 8vo (pub. at 31. it. ), cloth, 18«. 1843 

** Whatever SherUan has dona, has been par exeelUneef always the beat of its kind. He has 
Written the bett comedy (School for Scandal), the be$t drama (The Duenna), the be»l farce (ITie 
Critic), and the 6ef< address (Monolofrue on Garrick): and to crown all, delivered tlie very 
tiast oration (the famous Begum Speech) ever conceived or heard in this country,"— Byrvm, 

SHIPWRECKS AND DISASTERS AT SEA; narratives of the most remarkable Wrecks, 
Conflagrations, Mutinies, ftc. comprising the '* Loss of the Wagar," "Mutiny of the Bounty," 
tic 12mo, (h>ntlspiaca and vignette (pub. at 6f.), cloth, U, 1846 

SMOLLETTS WORKS, Edited by Rorcob. Complete in l vol. (Rodeiick Random, Hun- 
phrey Clinker, Peregrine Pickle, Launcelot Graavea, Count Flathom, Adventures nf an Atom, 
Travels, Plays, fte.) Medium fvo, wtth 21 capital Plataa, by Ckvikshamk (pub. at lU U.), 
fiftth gilt, 14s. 184S 

** Perhaps no books ever wriiten excited inch paala of taMxttnciilahaUa Innghtar •• SmoU 
]«tt's."-&r Walter Seott. 

SOUTH EY'S LIVES OF UNEDUCATED POETS. To which are added, *'AtUmpti in 
Yarsa," by Joh> Jovxs, an Old Servant. Crown 8vo (pnb. at 10s. Cd.), cloth, 4s. fid. 

Murray t ISM 

SPENSER'S POETICAL WORKS. Complete, wtt'h Introductory Ohaarvations on tha 
ViMria Queen, and Olosaarial Notes, handsomal; pitetad In f vola. poat 8vo, fine Portrait 
(pnb. at iU lis. 6d.), cloth, U. Is. Ig48 

•STERNE'S WORKS, complete In l voL Svo, I-ortrait and vignette (pnb. at 18«.), cloth, lo«. M. 

ST. PIERRE'S WORKS, including the "Studies of Natuia." **Panl and Vliginia," and the 
"Indian Cotuge," with a Memoir of the Author, and Nous, by the Rbv. E. Clajikb, 
oomplata in 3 thick vols. fcap. Svo, Portrait and Frontispieces (pub. at 16«.), cloth, 7«. U4< 

SWIFTS WORKS. Edited by Roscox. Complete in S vols. Medium Svo, Portrait (pab. at 
U. Its.), cloth gilt, li.4«. 1848 

" Whoever In the three kingdoms has any books at all, baa Svrtft"— Xorrf CketierfieUU 

TAYLOR'S (W. B. S.) HISTORY OF THE UNIVERSITY OF DUBLIN, nnmeioiM 
Wood Engravings of ite Buildings and Academic Costumes (pub. at !<.), cloth, 7«. fid. 1848 

THIERS' HISTORY OF THE FRENCH REVOLUTION, tha to parts In l thick vol. 
royal Svo, handsomely printed, cloth lettered (pub. at lU fit.), 10s. 


> the sane, the parts sapaiataly, each (pub. at 3s. 6d.) Is. fid. 


THIERS' HISTORY OF THE CONSULATE AND iiMPIRE OF NAPOLEON, 
tha 10 parts in 1 thielc volamo, royal Svo, handsomely printed, cloth lettered (pub. at U. s«.), 
10s. 


> the same, the parts separately, aseh (pub. at St. fid.) Is. fid. 


iTUCKER'S LIGHT OF NATURE PURSUED. Completo la l vols, tvo (pnb. at i/. los.). 

OlOtlb 15s. If41 

**The 'Light of Nature* Is a work whieb, after nneh consideration, I think myself autlin. 
xlsed to call the moat orlglnni and profooad that has erai appoarad on monl phlloaopby."— &> 
Vmas ifociiaiesA. 


iTVTLER'S^ ELEMENTS OF GENERAL HISTORY, N«w BdlUoB, thick ismo (sss 
closely printed pages), sUal frontispiece (pub. at it.) cloth, Ss. fid. 1847 

WADE'S BRITISH HISTORY, CHRONOLOGICALLY ARRANGED. Comprehandtng 

* a elaaalfied Analysis of Events and Occurrences in Church and State, and of the Constitutional. 

Palttkal,' Commercial, Intellectual, and Social Progress of the United Kingdom, from the first 

Invasion by the Romans to the Accession of Ctoeen Victoria, with very copious Index ana 

•upp iemant^ Xew Soitum. 1 large and remarkably thiek voL royal Svo (1800 pages), 

^SMOf US. MS, 
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WATCRSTQN'S CYCLOPAOIA OF COMMERCE. MBBCAVTILK, LAW, nWMJKm^ 
COMMkRcIAK, OKOOHAPHY AMI) NAVIGATION. N«w BdMen. btrliMliw llM Mmw 
Tttriff (rmii|»let« to the preMni time) ; the Prvncb Tariff, w ter m tt eimnwmt this cswrtqr; 
■Bd • TreatiM on the Princlpin, Practice, and HUtury of Cooiinetec, hj J. R. M'CuuyBeK. 
1 very thick cloaeljr pristaA vek two (We p«CM), witfe 4 Maps (pua. at M. to), exti^aiM^ 
Itfc 6«<. Mtr 

••Tkis e«plta» warti will be fMn« abmM elwaMe bhdmI «»«v«>y • 
weAiJ hook to the treaenl 


[WEBSTER'S ENLARGED DICTIONARY OF THE EMQLISH LANtttMOl, 

CoHtainlttK Uie »hol« of the fbrmer •4MtM». and larRe addltioaa* to wfcldi lopretxed as Ir — 
4h*ctor)! ntaaertatlon oa the eomieetios of die Umtpianea of Waatani Aito aad amepe, ed 

*7 *" 1 r-rrnirii la nne thinh rlenetlf [iiliei into— l «■ . iliih, H li 

It complete dlrtleaaiy extaat). 



WHITE'S FARRIERY, taivraeedl by Bmib^ •«»««» pbM»«wiMd«i Meal (pvb. aft 
•loth, 7«. 

WHYTE'S HISTORY OF THE BRITISH TURF. FBOM THB BABUIST VBBMD 

TO THE PRESENT DAT. S voia. S*o, Plalaa (puK ak li, U.U cMh, Ufc 


WILUS'S PENCItLINQB BY THE WAY. A new and beMdM Ediltom «Ml 

nap. ii«o« Ane Portrait and Pfadea lp«h. at ••.>. extra red Tuebejr elotb, risMir glH haeft» Sfc H. 
"A Hvtly record of Aret Impreeaiona, conveyioc vividly wbtt voaaeeiH haacd^aad Mt».tvu 
active and liKiMMiive traveller, tlirotin ■aim of the aioet InteraitiDs paiu of EiuoMk ma 


active and liKiaMiive traveller, tliroiin ■aim of the aioet InteraitiDs paiU of Eunpak 
curloMlty and Inve of eatarprlae are naMunded. The aarratfva la told ■» ea«y» toaai 
with a peet'a power oriniiBiialloa.**^ 


WORCESTErS NEW CRmCAL AND PRONOUNCING DICTIONABT 
THB BNOLIHH IJINOUAOB, to vMeh U added Waifcee'a Ray. and a PmnowBclaa 
talaiy of oMHlem OeoiRaphlcal Naiaea, thlclr fanperlal 8vo (pub. at li. ta,.)* elath, Hib 

*•* The aioet extaaaiaa ea>atagaa of word* avar 



WBAMGEU.'S EXREOITNm TO SIBERIA AND THE POiAII 8EA»««M«y 


UeM.-Col. BaMao, thick MOM* laq|v nap aad port. (puh»aiAik),4olh, 
WWOHTS COURT HAND RESTOREq orthe Stodaat aaaiatad la nUUm •« 


fS^toUqsi^ jnorals, Ecclesiastical f^istotSi ^ 


BINGHAM'S ANTIQUITIES OF THE CHRISTIAPt CHURCH. He* ami 
Jtdlttnn, careniliy revtiied, with an enlarged liwlea. t vola. Impl. avo* clolh» XL Uk W. 
** mnrbam la a wrtter who doaa eqoal honAur tn the Bagineh elwrfy aad •» Ihe 
aatloa. and wbeee leasalat la only to ha equalM Iqr hia ' ' 


BUNYANS PaGRmrS PROGRESS, omte complvta, wllh a BM» and IMm^ 
T. SroTT Prap. 12ino, with ti Ane Aill-sixed Woodc«tc hy KAavav, eaaial 
8ottthey*a edKloa ; alao a Aaa Fte a d a pie a e aad Vlipietta, citf^ M, AdL MM 

CALMETS DICTIONARY OF THE BIBLE, WITH THE BIBLICAL FBM 

MENTS, by the late CHAaiaa TavioR. 5 vola. 4to, innatratad by lot Cop pe i ' -p l aia la» 

Evlngii. KlRhtli mreatly enlai^ad BdttieB, beaatlfUlly printed oa ftaa wove paper ipah.aa 
, 10*. ), iriti eloth« R I4fc Cd. MV 

** Mr. Taylor's Unproved edtttoa of Calmet'e Dictionary li Indlapenaahly neceeaarr to avaiy 
Biblical Stniient. The addltloaa aHida ander the title of * T ia a m eaia' aee extracted fbaaa 1h» 
moat rare and anthentle Voyagea aad Travel* into Judea and other Oriental eountriea; aad 
•ompreheml an aaeemh ia g e of c ur l o aw and lUuatraMwe deecrlptloneL expla a a ff oiy of ' "" 
incMents, ruatoRM, aad maiineffa, whieh coaM not poaelMy he exphwaeAap any othar 
The nunipruui engraving! throw great light on Oriental caatoaie."— ifenM. 

CALMETS DICTIONARY OF THE HOLY BIBLE, ahridged, l laiga voLtaBp«rW»>^ 

Woodcuu and Mape (pah. at XL 4«.), alotti, IM. mm 

CARY'S TESTIMONIES Of THE FATHERS OF THE FIRST FOUR CEffrU- 
BIBS, TO THE COtfaTfTVTlOIf AND DOCHUKES OV TVB CHUBOi Q9 
XMOLAMD, M eafe torth ha Hm XXXIX AiHalaa^ tea (pah. at Ui.)^ oMk, ffc M. 

** This work may he etaased with thoee of Pearson aad BWiop BoH; aad aach a i 
Uaa hi ae mean h eaan r ." Cta ni ^ Efimid Qn m r Ur i^. 


CHARNOCK'S DISCOURSES UPON THE EXISTENCE AND ATTRIBUTES 


OP GUI). CoMplaie i» I thick eloaaly prteied v«L tvok •O^ Poramto (p«hk m MaW* 
doth. 6t. M. mm 

I'vvaiiteulty aad depth, aietapbyaical aablhal^ and siaai n l k B l el i apl laUj, 


** rvvsiiteulty aad depth, aietaphyaical aablhal^ and siaai n l k B l el i apl laHj 
feMr btti trrefhitcBhte navontea* coae|»lre to ran ier thle perferamnee one el the 
IMduetlona ihaft aver did aaaaor to thoaaaettte4jadg9Mat and g aa i w af a 
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CHRISTIAN EVIDENCES. Contalntiw Che folkMrlafr MtMiiMd TreatlsM, vitli PrvArtonr 
Ifetnoira hy the Rpy. J. 8. Mbmbr, i..L.I). viz:- -Watiioir* A9«lt>|{3r for CliriHiianily , Wmkobmi 
ApokiR}- For tho Ribic- Paley'i Evidences of ChrivtianitT ; Ftlcjr's Horn Faulinar; Jeiiyn't 
latenuil Evidence of the Cluistlan Religion; Leslfe'i iVtitb af CbrlMimilty I >«ninnMratwl ; 
J<e«lle's Slitirt and Easjr Method with the I>ei»tB; Lealle'a Short and Easy Methiid with th« 
Jews; Chandler's Plain Reasons for >>elii|r a ChriRttnn : Lyttletun on the Converston »t SU 
PanI; Caiiiphell's Dissertation on Miracles; Sherlock's Trial of the Wknesaea, wllb Sequel: 
W«M on the Resurrection. In 1 vol. rural R«o ( pub. at lia.), cloD^ lui. 184S 

CHRISTIAN TREASURY. Conststln« ol the followhifr Bxpoaftiom and Treathcs, Edited by 
Mbmrh, viz:— Mairer'a Dlarourses and Disnertatiimb on the scriptural DtwtrineK uf Atitnement 
and AacTlfIre; WHberapoon's PracUcal Treatbie on Keyeiiemtloa ; Borton's Cnxtk hi the Lot; 
OulM*s Moses Unveiled; Ottild's HamiAnT «f ail tlie Propliets; Less's AuthentiHty, Ud- 
•omtnted Preservatlnn and OrediMIity or the New Tesuneat; ftuuurt's Letters on th« 
JHrtnity uf Christ. In 1 tvi. royal 8vo (puh. at I3«. ), clotii, 8*. 1844 

CRUOEN'S CONCORDANCE TO THE OLD AND NEW TESTAMENT. i«eiMd 
and condensed by O. H. HAirii at, tUek ntnw, baautiAaiy prteled <fMih. at 4^ ^ cloth, St. 6c/. 

^ 1*44 

**A(i exirrmely pretty «ad very cheap edition. It coaulna all that is oaefUl In the ortRlaal 
'if mntttlnir oafy pnepMhiona, coigunctiiuis, Ac whieti can never be made avallshle tar 
of reference. Indeed tt Is all that the scripture student can desire."— Ga«r>.'««ia. 


FUU.ER'S (REV. ANDREW) COMPLETE WORKS; wos a Memotrofhla Ufe.byhli 
•sa, 1 iatfre v«|. impetfat 8va, Mow Editioa, Portrait (pub. st <.. iuc.), clnth, 1/. iM. 1S4S 

QREOORYS (OR OLINTHUS) LETTERS ON THE EVIDENCES. DOCTR'NES^ 
AMD DUTIKft OP THE CHUSTIAM REIJOION,addreasad toaTrteial. EicMb EdMoa; 
vMbanany Additions and Correctlona. Complete In 1 thick weil-prtatcd vol. leap, avo (pub. 
atir«.6</.), cloth, £«. itM 

*^«eftnieiiriyTeeomni«B4Mila work to the attenthre perasal of alt euitlvaied nilnda. Wa 
«§• aequainteii with ao botfh la the eireie of Euprlbh Lflerature whicb Is equally calculated to 
give rnunit persons jnst views of the cvideaoe, the natura, and ik9 importance of revealad 
l«tl||imi.*'-iro6rv< J/mil, 

GRAVES'S (DEAN) LECTURES ON THE PENTATEUCH, tro, Haw Edition <pab. 
«t4as.Kelo«li,«B. M4t 

NAIjLIS (BISHOP) ENTIRE WORKS, with an account af bla Life and Sufliei«naa; New 
BdMoB, witii considerable Additiona, a Traaslatloa of all tha Ijitia Pieces, and a Olnaaary, 
lailrss, and Motea, bf the Bav. Pane Hall, U vols, tea, Portrait (pub. at 7*. ««.), cloth, U. 

Oxford^ Tmtbof$, 1837-41 

HALL9 (THE REV ROBERT) COMPLETE WORKS. «tth a Mamolr af his Lllh, hy 
Sr.OLiWTHL'R OaR»o«iy,aad Observations on his Character as a Preacher, by John FuktriI| 
▲athor or Essays o<" fopular I|roorance, Stc. 6 vols. 8v«, handsomely pr Jitad, with beautlfm 
•SMinit (pub. « M. <6«.). clath, eontaou lettered, U. lis. M. 

The same, printed In a smaller sise, 6 vols. frap. a*«rs if. l«. cloth, lettered. 

^Whoever wishes to see tha Eaclian laaatrnfrr in i*B perihctloa miMl read the arrtttats of that 
t«aat Divine, Robert HaU. He combines the beauties af Jouvana, AaDisAa, and SDaxB, 
vldiont their imperfections.'*— l>ii)p«W Stewart. 

** I caaaot do better tfiaa refer the amiemSc reader to tha immarul works of Eobeft Hall. 
Vor moral frraadeur, far Chrlatlan truth, and for sublimity, we may doubt whether they have 
4halr match la the sacred aratnrv at any aaa or muntry."— ^rq^mnr btlpwirk. 

**The name of Robert Hall will be ulaced by punterhy amonir the best writers of tha aire, aa 
veil aa the moot vifrorous defenders ofrelialoua truth, and the orlirhtcst examples of Cbrladan 
Aa>lty."-6ir J. MmHtmUmk. 

HENRY'S (MATTHEW) COMMENTARY ON THE BIBLE, by Bickbrstbth. la 
• vols. 4to, New Edition, printed on ftae paper <pab. at «/. 9*.), doth, K. ISs. 4(1 IM0 

MILL'S (REV. ROWLAND) MEMOIRS, by his Friend, the Rev. W. Jokes, Edited, with 
a Pralhea, by the Rev.iiMBS Shkbmak (Rowlaho Hill's Successor as MinlHter of Surrey 
Chapel). Becottd Editiao, carafnily revised, Uddc peat 8v«, ftaa Steal Poruait (pub. at 1««.) 
dotti, te. I84t 

HOPKINS'S (BISHOP) WHOLE WORKS, with a menolsir of tha Author, in I thick vol. 

aajral kvu (pub. at tto.), cloth, t4t. The same, with a very azteaahra feneral Index «f Texta 

Bad Subiecta, 2 vols, royal 8vo (pah. at U. u. ), cloth, is*. 1841 

** Bishop Hopklna's woilis form of themselves a aotuMi bodjr hf dlvlnMy. He Is claax, raha • 

•eat, and perauaalva."— Mat»r«te<A. 

HOWES WORKS, with Lift, br Calaht, 1 laifa voL taapailal tvo, Portrait (pub. ai It. Ms.L 

dath, U. urn. UM 

** I have learned fhr more ftaai Jaha Howe tl»i Inm mmf OUbm adher I evtv reaa. There 

ii aa aat4>nhdkln( macdflceace la hd aaacapdoaab Haawa OBMHaiiaaablf «hc yr e ated of tha 

ffwitan div«a0a.^'~ieot>ertf UmiL 

HUNTINGDON'S (COUNTESS OF) UFE AND TtME^ By* Member of the Honaaa 
af Shirley and HwtfnitB. Bfac* Thaosaad with a aoptaas ladas. > iante vols. Bvo, Parvaitt 
af Am Coanteaa, WhRaMd, and Wealey | pa'a. d M. 4^ ), alalh» I4t. 1U4 


HUNTINGDON'S (REV. W.) WORKS, EdttMl by his Son, 4 vola. tva, Portraits aad Plataa 
fpab. at it. Id. 44.), ckHh, U. 4s. 

UCIOHTON'S (ARCHBISHOP) WHOLE WORKS; fta whhdi Is^prenxed a Uta of Iha 
iMMwr, bjr tha Raw. If . T. Pa aawaa. New E4ltton. 9 Ofek Tota. ttro, Portrait ifmh. d U. 4a.l 
«Mda4k4h,Ms. 1ka«a^a4iMddX4ltlaB. iSH 
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LEIGHTON'S COMMENTARY ON PETER j with Lift, by Psaesok, complete In ■ 
thick huMUomely printed vol. Svo, PorUalt (pub. at Ma.), clotH, ••. U*9 

LIVES OF THE ENGLISH SAINTS. Bjr tbn Rkt. J. H. Nswvav ud otben, M rnu. 
IXtito ( pub. St iL Ai, ), acwed In ornamented covers, \L U. UH-i 

M'CRIE'S LIFE OF JOHN KNOX, with Illuitratlona of the Hlstorr of the Reformntloii In 
Scotlantl. New Rditiun with ntimeroua Additloni, and a Memoir, Jte. fay ANDUiw Caicmtoie. 
Fcap. Mvo (pub. at &«.), cloth, 3i. 6d. 1M7 

MAGEE'S (ARCHBISHOP) WORKS, eomprtelnir I>iscoiiTsea and DIaaerUtlons on the 
Script ural DiKtrlnea of Atonement and Sarrlflce: Sermons, and Visitation Charfres. With a 
llamob- of hU Life, by the Rev. A. U. Kbkjst, D.D. S vols. Svo (pub. at U, G«. ), cloth, ISi. 

1»4S 
** Dincovers surh deep reacarch, yields so much valuable information, and affords so many 
helps to the refutation of error, as to constitute the most valuable treasure of biblical leaniij%, 
of which a Christian scholar can be posaesaed."— Olrwiion Ottervtr. 

MORES (HANNAH) LIFE, by the Rev. Hbkkt Tmoxsok, post «vo, printed nnlfomly 
with her wurks. Portrait, aiid Wood Engraving (pub. at 13«.), extra cloth, 6«. CadeU^ lS3t 

"Thin may he rallpil the official edition of Hannah More's Life. It brings so much new and 
Intervstlnir matter into the field respecting her, tiiat It will receive a hearty welcoine from tko 
public. Ani<>ng the rest, the particular* of moat of her poblkatlons will reward the ciUMsity 
of literary readers."— Li<«r«ry Cmzeltt. 

MORE'S (HANNAH) SPIRIT OF PRAYER, feap-tvo, Portrait (pub. at 6*.), cloth, ««. 

Codr/t, ISO 

MORE'S (HANNAH) STORIES FOR THE MIDDLE RANKS OF SOCIETY. 
and Tales for tlie Common People, S voia. post Svo (pub. at 14t.), cloth, 9t. CmJeU, ISM 

MORE'S (HANNAH). POETICAL WORKS, po«t<vo(pttb.atSt.),cloth,Ss.6d. 

CadtUt ltZ» 

MORE'S (HANNAH) MORAL SKETCHES OF PREVAILING OPINIONS AND 
M.\NN£IIS, Foreign and I>omestic, with Bcflectiona on Prayer, post tvo (pub. atta.), 
cloth, O. CmdM, UM 

MORE'S (HANNAH) ESSAY ON THE CHARACTER AND PRACTICAL 
WRITINGS OP ST. PAUL, post Svo (pub. at 10«. 6if.), doth, it, CmUtt, 1837 

MORE'S (HANNAH) CHRISTIAN MORALS. Post svo (pub. at l«t. W.), cloth, ss. 

CadeU, 1S3S 

MORE'S (HANNAH) PRACTICAL PIETY; Or, the Influence of th« ReligloB nf th« 
Hesrt on tlie Conduct of tbe Life, Xhno, Portrait, cloth, 2f. 6iL ISM 

I1ie only complete small edition. It waa revised just befor* her death, and contains much 
knpnivement, whicii Is copyright. 

MORE'S (HANNAH) SACRED DRAMAS, chiefly intended for Yotmr People, to wbkh la 
added ** Sensibility," an Epistle, SSmo (pub. at 3*. 6t/. ), gilt cloth, pilt edges, 2«. laso 

This is the last genuine edition, and contains some copyright editions, which are ii«t in any 
other. 

MORE'S (HANNAH) SEARCH AFTER HAPPINESS; with Ballads, Tales, Hymns, 
and Kpitaphs, 32mo (pub. at 2t. 6d,), gilt cloth, gilt edges, U. 6tL ISM 

NEFF (FELIX) LIFE AND LETTERS OF, translated from tiie French of M. Boar, bv 
M. A- Wtatt, fcap. Svo, Portrait (pub. attU.), cloth, S«. (id, \M 

PALEY'S WORKS, in l vol. consisting of his Natural Theology, Moral and Political Philnsophy, 
Evidences of Christianitr, Horn Paulinie, Clergyman's Companion in Visiting the Slclt, ftc 
Svo, hanilsomely printed In double columns (pub. at lo«. 6d.), cloth, is. IS4S 

PALEY'S COMPLETE WORKS, with a Biographical Sketch of the Author, by Rst.D. S. 
Watlakd, S vols, svo (pub. at \L ISa.), clotii, 18a. tOX 

PASCAL'S THOUGHTS ON RELIGION, and Adam's Private Thotights on BcUglon, 
edited by the Rev. E. Bicksmtpth, fcap. 8vo (pub. at it.), cloth, 3a. 6d. lSi7 

PICTORIAL^piCTIONARY Of THE HOLY BIBLE, Or, a Cyclopanila of niustratlons. 
Graphic, Historical, and Deacriprive of the Sscred Writlnirs, hy reference to the Manners! 
Customs, Rites, Traditions, Antiquities, and Literature of Eastern Nations, 2 vols. 4to (up- 
wards of 1430 double column paircs In good type), with upwards of 1000 iiiustradve Woodeutt 
(pub. 2^ loa.), extra cloth, 1/. it. 114^ 

SCOTTS (REV. THOMAS) COMMENTARY ON THE BIBLE, with the Author's 
last Comections and Improvements, and M beauttfnl Woodcut Illustrattons and Maoa. a vols. 
Imperial Svo (pub. at 4/. 4a.), cloth, li. 16a. *^ .^ 

SIMEON'S WORKS. Including his Skeletons of Sermons and Hone Homlleticie, or Vlseoursea 
digested Into one continued S«rles. and forminr a Cnmmentarr upon everr Bonk of th« .Old 
and New Testament; to which are annexed an improved edition of Ciaiidc's Ksaav on Che 
composition of a SennAn, and very comprehensive Indexes, edited by the Jlev.-^onaa 
Haktwbll Uo&vx, Si vols. Svo ^Mih. at 104 los.), cloth, 7L7», 
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Wht/Mowinf vthtiatun edUimu of Smem*» populmt wmrkt mrt tmifontit priaUtd in MMMi «mI 

bovM m cMk : 

THB CHRISTIAN'S ARMOUR, M. 

THE BXCBLLENCY OF THE LITUBGT, M. 

THB OFFICES OP THB HOLY SPIRIT, 9d. 

KUMILIATION OF THE SON OF GOD: TWELVE SERMONS, fltf. 

APPEAL TO MEN OP WISDOM AND CANDOUR, M. 

DISCOURSES ON BEHALF OF THE JEWS, 1«. id, 

**The works of Simeon, containing 2236 discouraei on Ui« principAl passafet of the Old and 
Hew Testament will be found peculiarly adapted to assist toe studies of the jrounger cler;y in 
their preparation for the pulpit ; they will likewise serve as a Body of Divinitv : and are b.- 
naay recommended as a Biblical Commentary, well adapted to be read in families/'— i^^tmufei. 

SMYTH'S (REV. OR.) EXPOSITION OF VARIOUS PASSAGES OF HOLY 
SCRIPTURE, adapted to the Use of Families, for •my Day throttgbout the Year, 3 vols. 8vo 
(pub. at R 1 U. fid. ), cloth, 9«. 1843 

SOUTH'S (DR. ROBERT) SERMONS: to which are annexed the chief heads of the 
. teimons, 
cloth, 18(. 


teimons, a Biograpiiical Memoir, inA General Index, S vols, royal 8vo (pub. at 1^ U.L 

18a 


STEBBING'S HISTORY OF THE CHURCH OF CHRIST, from the Diet of Augsburg, 
U30, to the present Century, 3 vols. 8vo (pub. at W. 16«.), cloth, 12«. 1839 

STURM'S MORNING COMMUNING WITH GOD, OR DEVOTIONAL 
MEDITATIONS FOR EVEBY DAY IN THB YEAR, transUted from the German. New 
Bditlon, post Svo, cloth, it. 1847 

TAYLOR'S (JEREMY) COMPLETE WORKS, with an Essay, Biographical and Critical, 
S large vols, imperial Svo, Portrait (pub. at 3/. 1&«. ), cloth, 3^ U, 1836 

TAYLOR'S (ISAAC OF ONGAR) NATURAL HISTORY OF ENTHUSIASM. 
Tenth Edition, fcap. 8vo, cloth, U. 1845 

** It is reireshing to us to meet with a work bearing, as this unquestionably does, the impress 
«r bold, powerftil, and original thought. Its most strikingly original views, however, never 
transgress the bounds of pure Protestant orthodoxy, or violate the spirit of truth and sober- 
BMs : and yet it discusses topics constituting the very root and basis of those fUrious polemics 
wtdcD have shaken repeatedly the whole intellectual and moral world."— /</A«n<eum. 

TAYLOR'S (ISAAC) FANATICISM. Third Edition, curefuUy r«vUed. Fcap, Svo, cloth, te. 

1843 
** It is the reader's fholt if be does not rise ttom Um perusal of such a volume as the present 
S wiser and a better tain."—Bcteetic Review. 

TAYLOR'S (ISAAC) SATURDAY EVENING. Seventh Edition. Fcap. Svo, cloth, to. 

1844 
**' Saturday Evening.' and 'Natural History of Enthusiasm,' are two noble productions."— 
Blttckwood^t Mag€uine. 

TAYLOR'S (ISAAC) ELEMENTS OF THOUGHT, or concise Explanations, alphabett- 
tally arranjred, of the principal Terms employed in the usual Branches of Intellectual Philo- 
aophy. Ninth Edition. 12mo, cloth, 4«. 1849 


TAYLOR'S (ISAAC) ANCIENT CHRISTIANITY, AND THE DOCTRINES OF THB 
OXFORD "TRACTS FOR THE TIMES." Fourth Edition, wUh a Supplement and 
Indexes. 2 vols, svo (pub. at li. 4«.), cloth, 18«. 1844 

TAYLORS (ISAAC) LECTURES ON SPIRITUAL CHRISTIANITY. »vo (pub. at 
4«.6<f.),clotb, 3«. 1841 

TOMLINE'S (BISHOP) ELEMENTS OF CHRISTIAN THEOLOGY, Fourteenth 
Kdition, with additional 17otes and Summar}-, by STXBBUie» 2 Tola. Svo, cloth, lettered (pub. 
ntl/. U.), lOt.M. 

-^MLINE'S (BISHOP) INTRODUCTION TO THE STUDY OF THE BIBLE, 

OB ELEMENTS OF CHRISTIAN THEOLOGY. Containing Proofs of the Authenticity 
and Inspiration of the Holy Scriptures; a Summary of the History of the Jews; an Account oA 
the Jewish Secu; and a brief Statement of the Contents of the several Books of the Old and 
New Testaments. Nineteenth Edition, elegantly printed on fine paper. 12mo, (pub. at it. 6cf.), 
sloth, 3«. (k<. 184ft 

"Well adapted as a manual fbr students in divinity, and may be read with advanuge by the 
most experienced divine."— A/onA'* Lecturet. 

WADOINGTON'S (DItAN OF DURHAM) HISTORY OF THE CHURCH, 
FROM THE EABLIB8T AGES TO THB BEFORMATION. S vols. Svo (pub. at \L IM.), 
cJtoth boards, \l. u. 

WADDINGTONS (DEAN OF DURHAM) HISTORY OF THE CHURCH, 
DURING THE REFORMATIOB. » vols. Svo (pub. at \U lU. tiL), cloth boards, 18*. 1841 

WILBERFORCE'S PRACTICAL VIEW OF CHRISTIANITY. With a comprehensive 
Memoir of the Authw, by the Bat. T. Paicx, limo. printed in a largo luuidsome type (pub. at 
••.» giltclull.,2s.6<4. -» r • " \UH 

WILLMOTTS (R. A.) PICTURES OF CHRISTIAN UFE. fenF trajpub. •«•..), 
diulh, I*. M. JteMtanI, Mil 


CATALOQum or nw book* 


J^oreign 'lanpagrs aidi liietatuu; 

ii«et.vDnw 
CI«A8SIC8 AND TRANSLATIONS* CLASSICAL CXITICISIf, DIOIMII* 
ARIES. ORAM MARS, COLLROB AND ■CBOO'ii BOOKS* 


ATLASES.-WHJ(IN80irS CLASSICAL AMD SCmFTUilAL ATLAS, «m 

tkal and Chnmoldfrkat Taliim, hnpvrW «o« IDtw «rf Mmvad EiWloa, » nap*, o 

WtLKINSONS OENIRAL ATLAS N«« an* Imm 

iiia«rteti. P»|Milatkm aeconUiiK ta Um I«m CaiMiaa^ nrl 

M iVafM. eoUiurad (pub. at U. Ida.)* lulf Itound murocaei U. At. 


AmSWORTHS LATIN DICTIONARY,, bv l>v. Jammms. n mOumH Mbtom < 
Imr all the «4i««l* of th« 0«a»Mi IMctJMvjr. Vhkli •««, Baadjp b««iid (pmS. ai M«.). •»- 



BCNTLEY'S (RtCHARO) WORK& CunUlnlnK DtoaertattoM apon tin Eplatlea 

ThoDiiMiurlM. i«<«rauw, EurlyMMit, andf tli» Fattia* of JKaop: Epistol»ad J«*. MltUwB; 
mwn. Btiyle Levtiire, Retna«k»on Fr««.thiiikiit|t; Crttteai Wadu, ftc. EAtwt, «itll 
InUiceii aiul Niit«s, hy the Rev. Albxamukii Dxcm. » vola. 8to; a hwuitlfullj prtDte4 
<pah. al u. It*.), cloth, t^. U. 

BIBLIA HEBRArCA. EX EDITIONE VANDER HOOQHT. RMocw>«it «. Ik 

MA Nil. Very thick 8vu, baiidauui«ly printed (pub. at li. St.), clotlk, 10». CU. liowt. £ 


BiOGRAPHIE UNIVERSELLE, A orieniM vt Modems. HMivelk Edtctoa, rrftw, 

•umiieixee par iine Societe Je Genu de Lettrea et de Savanta. 31 rola. ImperUi awn (pclaiad 
a eoDipraaaed manner In dottbto eoitnina, hut «ery alaar tfptU anrMl (p«b. at btf. lOfc), U. 

StPHrettm, 

BOURNES (VmCENT) POETICAL VVORKS, Uttai ud Xaili*, isna (pub. 
ehith. a* M. 


tk» Mm#, lain* papar, ao alaaaat ▼olnma, ISoM {yakk at Sib ), ekiMi, ti. M 


CICEROS LfFE. FAMILrAR LETTERS, AND LETTERS TO ATTICIf^ 

by .Miiiiii.£ioK, Mklmmc 
(puh. at U. 4«.). cloth, Ita. 


by .M iiiiii.£u>K, MfcLMMCM, aa4 UKaaiutSN, aonplala la oaa tkiall tot. fograltv^ jailrtlK 


CORPUS POETARUM LATINORUM. Edidtt G. 8. Wauua. Oumplctctat 

vol. ruyal Nv<i (puh. at il. 2«.), cloth, IHa. 
Tltift ciiniprelienalve voluaM coatalaa a lUmwy at tka potttDftl lattai claaaiE 

prlnteil froni the beef texts, vis:— 
Catuilua, Vicirll, Ltieaii, talyiaia, CalptuntaiftainlM^ 

Tii>ulliia, Ovid, Peraiua, Statltia. Auaonkie^ 

Pro|>ertius, Horace, Juvenal Siliua italletii, Claudtaa. 

LucreiiiM, Ptaaedrui, Martial, ValaelM FlacaUt 


DAMMil LEXICON GR>ECUM, HOMERICUM ET PINOARtCUM. C»mU._, 

ruyal 4T(i. Ne« Bditlon, printed on fine )iaper (pub. at 51. &•.), cloth, IL U. |M0 

'* All eacellsRt work . Ilia merttaor wUeb hava baea univaraally aafcnowleilgad Itf tttnBp 
eharactera."— <>r. Mttatu 

DEMOSTHENES, translated by LxLAirn, the two rola. Svo. eomplata in I vol. IStao, haadp 
auntely )>rtjit«il In douhie eotvnuui. ia pearl type, portnit (piM.at &a.)^clotii, a*. 

DONNEGAN S GREEK AND ENGLISH LEXICON, aalartt**!: with exanplaa, HlanBy 
teHni))ate«t. Mlvrted irwn the cIamIcaI anthora. Fourth edition, considerabty cntaqfad. 


AiUy roviarU. and niateEiaUj improved thaoughout; ttlak tvo (17SS paffes) (pvb. at Si. te), 
elotb, u. u. Mil 

OAEUC-ENGLISN AND ENGUSN-GAELIC DICTIONARY, «W» BxampiM, nivae*, 
and Etynutloirira) Renuurlta, bv two Memhen of the Highland Soolety. Complete la 1 tfcMt 
▼ol. Nvo. Kev Rdltioa, eoaudainff laany mare worda than tiia «to Edition (pub. attt. te), 
cJoth, Ida. Cct. ni§ 

GRAGLIA-S ITALIAN-ENGLISH AND ENGLISH-ITAUAN DICTIONARY, vMva 

ci'iii|ieiuUous Itfcliaa Otanuuar and Supple mentajry DlctifMMUCT of Naval Terma, Itne^ foaa 
(piih. atSi.), 44. 6(t — 


HERMANNS MANUAL Of THE POLITICAL ANTIQUITfES OF GREECf. 

Hiatoricaily conaldered, tranalatad frxm tin Oarmaa, 8to (pub. at Ua.), cloth, lOa. W. 

Of/fmi, Tmihof$, ISM 
** Hermann's Manual of Greek Antiquitlei la meet Important.'*— rJUKiMi/'i Hut, itfGnat, 
vel. t. p. 44A. 

HERODOTUS. CARrS (REV. H.) GREEK AND ENGLISH LEXICON TO 

H K RO I X) rUS, adapted to the Tost of OaUford and Baahr, and aU other EdiUoaa, Bvo, «Mk 
(puh. at I3t.). at. 

LEMPRIERE'S CLASSICAL DICTIONARY. Mlniatore Edition, cnotalnlnr a fan AMtaift 
of all the Prwper Names mentioned in Ancient Authors, and mueb oaeful informarioo NKinmIi* 
IM the uses and hahiu of Mie Greeks and Romana. New and cempiete Editioa, tltlDiitlr 
yiiated In pearl lypa, Is 1 vaiy thick toU Mmo (pub. at J*. 6d.}, cloth, 4s. flct. ' lift 
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««1L! 


HEBRCW GRAMMAR, eom|it)ed flrom fh« hMt Autboritlra, and primipally fkoat 

ttal SoDfcea, desiKnad for tlia uw of Studanu In the Uni«enltto«. Ke« Kdition, earicbed 

wkh BHich orlirlnal nian«r. Sixth Tbrniund, Ivo (pub. at ta*.>, elotb, ••. LtnuL fimwan, UM 

H€BR€W, CHALOEE, AND ENGLISH LEXICON. Compiled from th« beat 

AMh«rtt4e«, ()fleBt«l and European. Jewish and Christian. Including Bi'xrtiKP, Taylok, 
Pakkhvrkt, and GaiiBKiuai rontaiuiny all the Words, with their lnHe<-Tion«, ldi«mat!e 
Vaaffw, ftc. found m tbe Hebrew and Chaldee Text of the Old Testament, with numeroiia 
•orrections of former Lexicoicrauhera and Commentators, followed by an EngilHh Index, in 1 
ttlck vol. 8VO. Third Thousand (puh. at U. &«.>, oloSb, lAs. £<mmIimi, ISM 

LEVERETTS LATIN-ENQLISH AND ENGLISH-LATtN LEXICON, eoBipUMUhm 
Vacciolati and Schbllbk. Thick royal itvo <pub. ai II. lit. M.), cloth, I/. 3*. tM7 

UVII HISTORIA, EX RECENSIONE DRAKENBORCHII ET KREYSSIG;j 

JBt Annotatlones Crstikru, Ktrotiiii, Ki'prrti. et alloruiN: Aniniailvenilones Nieruhui^' 
Wachkm VTMil, et Silas aildidtt Tra vkrk Twisa, J. C. B. Coll. Univ. Oxoa. Kitcius et Tutor. 
Can Indlce ampttealnio, 4 vols. Hvo (pub. at U. ISt.), cloth, U. la. O^ord^ IS41 

This b the best and most useful edition of LiTy «v«r published io octRVo, and it la pntund 
ftl aU oar «niv«raitlM and clRaaioml achoola. 


^UVY. Edited by Pun dbv ills. Livll Hiatoria libri qohifiw yrf>»M, avMi BmglUk NotM,- 
by PB.BKDBVIZ.I.B. New EditloR, ixmo, BMrtly bound in imo, 6a. IMf 


• tta« aaiM, Booka I te 1 11, aepara«elyt clath, Ss. -Cd. 
■ tbe saafM, Boolia IV and V, ctoth, St. 8d. 


mmmfiM'S HtACnCAL system of rhetor^; or, fh« PrlneiplM uid Btdai of' 
B^ln, wl«b Example*. Bbrth Kditlan, i2nio (pub. at «■. fd.), ehrth, 4a. ISM I 

MEBUHR'S history of ROME, epltomlxed ( for th« use of eolleses and achoola), vith. 
Chranoloittcal Tahlea and Appendix, oy TRAVkita Tivxm, B.CD. complete In 2 vnlt. bound iB< 
^S*a (pub. at IL Is.), cloth, |0s. M. O^tnl, Taiboya^ 1837' 

**Thls edition by Mr. Twlss Is a very valuable addlHon to claaalcal learning, clearly and ably 
•Bbodylng all the lataat effnrM of tbe laborious Ntabutar.**— ZJ^trafy Gotttle. 

4BVORO CHRONOLOGICAL TABLES Of UNIVERSAL HISTORY, fWim tlia 
earliest Period to the present lime; in which all the great Eventa, Civil, Rrliirious, ficlentiflc, 
and Literary, nf the various Natiop* nf the World are placed, at one view, umier the eye of tha 
Ikeader In a Series of uarailel cnhimna, sto aa to exhibit the state of the whole Civilised World 
at any epoch, and at tlie same time form a continuous chain of History, with OeMealogical 
Tables of all the principal DviiaMtles. Complete in 3 Sections; viz:— 1. Ancient HIstorr. 
II. Middle Agea. III. Modern HIsinry. With a moat eompiala index to tlia enttrs work* 
. Mia (pub. at IL ICi.), half bound morocco, U. Is. 

The above to alao sold'aeparatalj, aa followa :— 

TRV MIDDLE AOBS AND MODERN HISTORY,* parts In 1, folia (pub. al IL Si. «d.|. 
aavad, l&«. 

MODBRN HISTCEY, IbHo (pub. at Its.), sewed, St. 

PLUTARCH'S LIVES, by tbe LABSHoavBa. Complete in 1 tfalek «aL Swe (pub. «t U*.), 
" 9s.6rf. 


RAMSHORN'S DICTIONARY OF LATIN SYNONYMES, for the Uac of Seiieols aad 
Private Stttdeaia. Tnaslated and Edited by Dr. Libbbju Post Sve (pub. at 7s.), eloth, 4a. 6d: 

1S«1 

miTER'S HISTORY OF ANCIENT PHILOSOPHY, tranalated (hmi the German, by 
A. i. W. MoRRinoN, BJi. Trinity College, Camhrldga. « vola. Svo, now completed, with a 
Oeaeval Index, eioftb, lettered (pub. at 3^. 4«.>, U. U. Ojtfard, ISM 

Tbe Fourth Volume may be bad separately. Cloth, lOi 

**An Important work: it mav he said lo have superseded all tbe prevloas histories of phllo- 
aophy, and to have become the standard work on the aul^ect. Mr* Jolinson is alao exempt 
fkoB the ttaoai fhaUa ofttanaiatora."— <jiMr(eWy Rnima, 

SCHOMANN'S HISTORY OF THE ASSEMBUES OF THE ATHENIANS 
tnuMiated from the Latin, with 4 complete Index, Svo (pub. at 10s. 6d.), cloth, &«. CawUt. 183S 

A book of tbe aame aebool and ehatacter aa tbe woritaof Hbbbbii, Bobchk, Schlbobz., ftc. 

SU.ENOTS GREEK AND ENGLISH LEXICON TO SOPHOCLES, translated bv 
Cart. Svo <pttb. at iss.), cletb, St. Sd. OcTord, TtUbof$, 1S41 

STUARTS HEBREW CHRE8T0MATHY. dealcMdaa aa lBti««w:Hon to a Coone of 
Hsbrew Stn4y. ThInI Bdltion, See (pub. at Ma.), eloth, 8s. OjtfonL 7V(6oyt, 1S3S 

This work, which «-as designed by iu learned author to fbelHtate the study of Hebrew, liaa 
teid a very oBtenalve aale in America, it fnrms a deahrable adjunct to all Hebrew OtamnMBS, 
aad te anSklaBt to complete the eyatem of InawoeiloB fat that I 


CUM NOTI9 BROTIERI. CURANTE A. J. VAUPY. BdMs bdvs, cms 
4 vela, svo (p«h. at K. lbs. ), elotb, U. b». 

The meet compi-iie BdMos. 

TK/Omn, A NEW AND UTERAl. TRANS! ATION. •i«<v«h.aftiis.),elott^.M. 


'fB CATiXOGUE OF NEW BOOKS 


TENNEMANN'S MANUAL OF THE HISTORY OF PHILOSOPHY, tnntlaMlMa 
the Oermui, by the Rev. Arthvh Johksov, M.A. P**nfeMor of Angio-8«KOB In the Unlvcrrity 
•f Oxford. In 1 thlek cloeely printed vol. 8vo (pab. «t !«•.>, hoards, 0«. i^ordf TtUbogSf 1831 
** A work which marks out all the leading epochs In phiiosophy, and frlvaa mlnatto chronolo- 
irlcal information concerning them, «ith biographical notices or the founders and followers of 
the principal schools, ample texts of their works, and aiv account of the principal editions. In 
a wordf to the student of philosophy, I know of no work la English likely to prove half so use- 
tal."~Haywardt in hit TranMlattam. i^ Goethe' • Fatut. 

TCRENTIUS, CUM NOTIS VARIORUM. CURA ZEUNII, eun Gluts; aeced. Index 
copiosisslmos. Completain Ithlck vol. Svo (pub. at 16«.),cloth, 8*. 18S7 

TURNER'S (DAWSON W.) NOTES TO HERODOTUS, for the Use of CoUego 
Studenu. Svo, cloth, 12s. 1847 

VALPrS GREEK TESTAMENT. WITH ENGUSH NOTES, aecompanled hj parallel 
passages from the Classics. Fifth EditiOD, 3 vols. Svo, vlth S maps (pub. at U.), cioih, IL 5«. 

18t7 

VIRGIL. EDWARDS'S SCHOOL EDITION. VlrgilH Anels, cnra EDWAmDS,et Qnestl. 
ones VIrgllianK, nr Notes and (Questions, adapted to die middle forms in Schools, t vols, bi !« 
12ino, hound in tioth (pub. at 6». Ad.}, it. 
*»* Either the Text or Questions may be had sepamtely (pub. at it. 6d.), St. ttU 

WILSON S (JAMES, PROFESSOR OF FRENCH IN ST. GREGORrS COLLEGE) 

FRENCH-ENGLISH AND ENGLISH-FRENCH DICTIONARY, containing full Expla- 
nations, I)e6nitions, ^monyms. Idioms. Proverbs, Terms of Art and Science, and Ruin of 
Pronunciation in eacli Language. Cod piled from the Dictionaries of the Academy, BovrnL, 

CHAMBAUD, GaRMBR, LavBADX, DbS CAB.itIBKBS tiuu f AISI. JoHVSOV and WAX.KJBR. I 

large closely printed vol. imperial Svo (pub. at 21. 2<.), cloth, IL 8*. IMl 

XENOPHONTIS OPERA, GR. ET LAT. SCHNEIDERI ET ZEUNII, Accedit Index 

iPoRROH and Elmslby's Edition), 10 vols. 12mo, haadsomciy printed in a large type, done up 
iSvoIs. (pub. at 4A10S.), cloth, 18«. IMl 


The same, large paper, 10 vols, csown Svo, done up In 5 vols, cloth, I/. 5*. 


XENOPHON'S WHOLE WORKS, translated by Spblmax and others. The only eomi^cla 
Edition, 1 thick voL 8vo, portrait (pub. at l&s.), cloth, los. 


iSobeb) WLoxkfi of Jfittion, Uigj^t Heal^ins. 


AINSWORTH'S WINDSOR CASTLE. An Historical Romance, Illustnited by Gboxob 
Oruikshavk and Tokt Johakkot. Medium 8vo, fine Portrait, and lOS Steel and Wood 
Engravhigs, gilt, cloth, 5«. tUS 

BREMER'S (MISS) HOME: OR, FAMILY CARES AND FAMILY JOYS, translated by 
Mary Howitt. Second Edition, revised, 2 vols, post 8ve (pub. at 1^. l«.), cloth, 7i. 6d. IMS 

THE NEIGHBOURS, A STORY OF EVERY DAY LIFE. Translated by Makt 
HoiviTT. Third Edition, revised. 2 vols, post 8vo (pub. at I8t.), cloth, 7«.(k<. IMS 

r^RUIKSHANK "AT HOME;" a New Family Album of Endleas Entertainment, eonsistttf 
of a Series of Tales and Sketches by the most popular Authors, with numerous clever aBO. 
humorous Illustrations on Wood, hy Cruikshakk and Seymour. Also, CRUIKSHANK'S 
ODD VOLUME, OR BOOK OF VARIETY. Illnstrated by Two Odd Fellows— SnoioVB. 
and CRuixsuAjrx. Together 4 vols, bound In 2, fc«p. 8vo (pub. at 2L 18«.), cloth, glit, lOs. 9d. 

IMS 

HOWirrS (WILLIAM) LIFE AND ADVENTURES OF JACK OF THE MILL 

A Fireside Storv. By William Howitt. Second Edition, a vols. Heap. Svo, with 4S Ulua* 
trations on Wood (pub. at 15i.), cloth, 7*. 6d. ItM 

HOWITT'S (WILLIAM) WANDERINGS OF A JOURNEYMAN TAILOR, 

THROUGH EUROPE AND THE EAST, DURING THE YEARS 1824 to 1840. Tmu^ 
! lated by William Howitt. Feap. Svo, with Portrait (pub. at 6s.), cloth, S«. Sd. ISM 

I HOWITTS (WILLIAM) GERMAN EXPERIENCES. Addressed to the BogUih, boito 

[ Goers abroad and Stayers at Uoaie. 1 vol. fcap. Svo (pub. at 6«.), cloth, 3«. 6d. lS4t 

JANE'S ( EM MA) ALICE CUNNINGHAME, or, the Christian as Danghtw, SUter, Friend, 
and WiflB. Post 8vo (pub. at te.), eloth, it, 6d. IMS 

JOE M I LLER'S -J EST-BOOK ; being a Collection of the most excellent Bon Mots, BrlllH^ 
Jesu, and Striking Anecdotes in the EngllNb Language. Complete Is 1 thick and closely buT 
elegantly printed vol. fcap. Umo, Frontispiece (pub. at 4*.), doth, it, 1S4S 


ilERROLD'S (DOUGLAS) .CAKES AND ALE, A CoUeeHon of hxmoioas Tkis ^_ 
Sketches. S vols, peat Svo • vlth Plates* «r OBomoa C»trxKSMAVK (p«b. ss U$,), tMk 


PUBLISHED OR SOLD BT H. a/BOHH* 29 

«« «»^^-^^— »^— ^— ~— I I I »^— ^— ^»— ^-^i^i» ^— — ~— . 

lAST OF THE -PLANTAGENETS, an Hintorical Namtl«e,OKi>tn«lBtfh« Public SveBti. 
•nd 1>oniesHe and ErcleaiasUeal Manners of tbt l&tb and ICth CratorlM. liap. Sto* Ttalril 
Edhion ( pub. at 7«. M. )« cloth, 3«. 6d. 1S3» 

LEVER'S ARTHUR OLEARY; HIS WANDERINGS AND PONDERlNGS t^ 

MANY LANDS. Edited hy Hakry Loiire«ujuu CKUixaHAVK'a Maw lUuatntad Xdftka. 
Completa in 1 vol. 8vo (puh. at 13«.), cloth, 9$. IMf 

lOVER'S LEGENDS AND STORIES OF IRELAND. Both Sariaa. Svol8.feap.tvo, 
Yourth Edition, embelllahed with Woodcate, by Uartxt (pab. at lAi.), cloth, 6t. 6d. IMT 

LOVER'S HANDY ANDY. A Taie of Irlab Ufe. Madiam 8vo. Tbird EdiUoo, vUb S4 
eharaeterUtic Illustratlona on Steal (pub. at 18*.), clotL, 7«. 9d. IBtf 

LOVErt'S TREASURE TROVE; OR L S. D. A Rommtie Irlab Tale of the last Cen- 
tnrr. Medium 8vo. Second Edition, with 26 cbaracteriatie lUuatraUooa on Steel (pub. at 14«.), 
eloUi, 9«. 1844 

MARRYATS (CAPT.) POOR JACK, IllMtrated by 48 large and axguleltely beantlAil 
Engrarinri on Wood, after the masterly designs of Clakksov Stavvibld, &.A. 1 handsoma 
vol. royal Svo (puh. at 14«.), gilt cloth, 9m. ISfiO 

MARRYATS PIRATE AND THE THREE CUTTERS, Sro, with «o most splendid llifa 
Sngravinn, after Stahfibld, Engraved oa Steel by Cuaklbs Ubath (orisiiially pub. at 
li. 4s. ), gfit cloth, lOi. M. 1849 

MILLER'S GODFREY MALVERN, OR THE LIFE OF AN AUTHOR. Bytha 
Author of •♦ Gideon Giles," " Royston Oower," •• Day in the Woods,'* ftc. &c. » vols In 1, 
•vo, vitb 24 clever Illustrations by Phiz (pub. at 13«.), cloth, 6». td. IM 

** This work has a tone and an individuality which distininiish It Arom all others, and cannot 
be read without pleasure. Mr. Miller has the formsand colours of rostlc life mora complctcl/ 
wider his control than any of his predecessors."— X/A«iuBitM. 

MITFORD'S (MISS) OUR VILLAGE; complete in 2 vols, post Svo, a Seriea of Rural Taica 
and Sketches, ^'ew Edition, beautifol Woodcuts, gilt cloth, 10s. 

PHANTASMAGORIA OF FUN, Edited and Illustrated by AirRxs CmowQvn.L. 1 vola. 
post Svo, illustrations by Lxbch, Cbvikshavk, Sic, (pub. at 18>.), cloth, ft. 6d, IMtM 

PICTURES OF THE FRENCH. A Series of Literary and Oraphle Dalineationa of Fianch 

Character. By JuLBa Jamk, Balbac, Cormbkiv, and other celebrated French Anthan. 

1 large vol. roval 8vo, Illustrated by upwards of 230 humorous and axtremaly clever Wood 

•*'^- Engravings by distinguished Artists (pub. at U. &•.), cloth gilt, lOt. 1840 

This book is extremely clever, both In the letter-press and plates, and haa had an ImnMtnyt 

ran in Prance, greater even than the Pickwick Papers in tliis country. 

POOLE'S COMIC SKETCH BOOK: OR, SKETCHES AND RECOLLECTIONS 
BY THE AUTHOR OF PAUL FRY. Second Edition, S vols., post 8to., fine portrait, 
cloth gilt, with new comic ornaments (pub. at 18*.), 7'. M. 1841 

SKETCHES FROM FLEMISH LIFE. By Hevsrik Cosraczsxcs. Square I2m«, ISO Woad 
Engravings (puh. at 6*.), cloth, it. id. 

TROLLOPES (MRS.) LIFE AND ADVENTURES OF MICHAEL ARMSTRONG, 
THE FACTORY BOY, medium Svo, with 24 Steel Plates (pub. at 12s.), gUt cloth, 6s. id. M40 

TROLLOPE'S (MRS.) JESSIE PHILLIPS. A Tale of the Present Day, medium 8vo, port, 
and 12 Steel Plates (puh. at 12«.), cloth gilt, 6t. 6d. 1844 

UNIVERSAL SONGSTER, Illustrated by Crvikhhavk, being the largest collection oftha 
best Songs in the English language (npwards of 5,000), 8 vols. Svo, with 87 hmnoroos«Bn- 
gravings on Steel snd Wood, by Oborgb CutrixsBAyK, and 8 medalUon Portraits (pub. tt 
lU 1C«.), cloth, 13*. 6d. 


*3)ubentle anti lEIementars SSooiiSy CEgmnastfcs^ ire 

ALPHABET OF QUADRUPEDS, Illustrated by Figures selected fhnii the worfca of tha 
Old Masters, square 12mo, with 34 spirited Engravings after Berohbm, Rbxbravdt, Cittp, 
Pavl Pottbr, ftc. and with initial letters by Mr. Shaw, cloth, gilt edges (pub. at 4s. 6<4.), 3e. 

18M 
■ " ■ the same, the plates eolooMd, gilt cloth, gilt edgea (pub. at 7«. 6d.) 6$, 

CR ABB'S (REV. G.) NEW PANTHEON, or Mythology of all Nations; especially fbr the 
Use of Schools and Young Persons : witii Questions for E»amlnatioa oa the Plan of Pibkock. 
ismo, with 30 pleasing lithographs (pub. at S«.), cloth, ts. 1M7, 

CROWQUILLS PICTORIAL GRAMMAR. I8ma, with UO hnnoms Olustratloos (pub. 
at &«.), cloth, gilt edges, 2«. (kU 1844 > 

DRAPER'S JUVENILE NATURALIST, or Coantry Walka In fiprfaiff. Summer, AatmBBM 
an^ Winter, square laao, with. 80 beautiAilly azaouted Woodeuta (pub. at 7s. Oct.). cloth, gOih 
adgea, 4«. 6d. IMt 

ENCYCLOP/EDIA Of MANNERS AND ETIQUETTE, eomprlstntaafanproveAedHloB. 
of Chesterfield's Advfee to his Son on Men and Manners; and the Yoang Man's own Book; a' 
Manual of Politeness, Inteltectual ImproTemanti Md Mond Daportmaat, S4nia| VrontlaplM^ 


so CATAU)G17K Or mCff BOOKS 


eOUESnilAM MANUAL FOft LADIES. i»t Wi^n ^owaad. »e«p.tv«.ap«Mdb«r» 
■MtttlAil Woodeau i pu«t. at 4a. U irllt doth, icilt adgct, S«. «.«. um 

QAMMCfi QAETHEL'8 FAIRY TALES AND POPULAR TORIES. trmnaliiM A«« 
dM OvriMui of Orimm (contataUiir 41 Fairy Taloa). poat Svo, buibctimu Woodcuu by ^BOBos 
CUDiKaHAVS (pttb. atVt. M.),c1'>tk ftH to Hm 

OOOD-NATUREO BEAR, a Slon far Chiiurta of all Apw, bf B. H. Ilouia. Soaantra. 
ptalaa (pub. at to. ) cloth, to., or vftb th« )..««•• «(rtouro4, to. n(| 

GRIMM'S TALES FROM EASTERN LANDS. Iquan llmo, plataa (pub.atto.).elotk. 
to. (y., or platoa coloured, to. M. H^ 

HALL'S (CAPTAIN BASIL) PATCHWORK, a Vaw Si^rica of PrainnoDta of Vonma aai 
Tmvcla, Socond BdHloB. itmo, cloth, with tbt hack vary ilchlv and approuiiataly att «1lk 
patchvo«fcdavko«(p«b.at lto.),7fl. toL IMl 

HOLIDAY LIBRARY. Editad by William Haklttt. Unifonnhr nrtated la S vola. alMai 
(puh. at Ito. W.), cloih. Ito. 6rf., or leiwratoiy, tIs:— Orphaa of watcrJooi, St. M. Holly 
Oranfta, Sh M. lafanda of Ruhasahl, and Patary Talaa, St. M. istf 

MOWITT3 (WILLIAM) 4ACK OF THE MILL, tvola. Umo (pab. at tto.), ctoih gOt, 

HOWITTS (MARY) CHILD'S PICTURE AND VERSE BOOK, eomnonWcalM 

- "■ - -•• ' " tn»wlat«d into BnfrlMi Verte, wkh Pr«iic) and OermM 

IM iug» Wood Kji|tr«vt«fa (pnb. it 

IStf 
Thb fa Olio of tha moat aicyant ju venlla booka avar ptodaead, aad haa tha novetty af baiaf la 
ttiroa langvafaa. 

LAMB'S TALES FROM SHAKSPEARE. darimadprinelpallTforthameorT 


/wi I I » iwiMrfT; v»niuu9 rt\^iunc ^rtv 
** Otto Speektor't Pable Book :" tn»wlat«d into Bnrlh 
▼oract oppoalte, fomdnir a I'riKlott, wiuare isno, «kh 
Ito. 6(/. I, oxtra Turkey cloth, irilt ed>e«B, to. 


MBS TAi.K,S MfUNi SMAM^Pbiint, aaMfRMd pnneipaJivwr thoaaeorToaiif PataoBt 
(written hv Miaa and CiiAKtaa LambI, Sixth Editten, ambellUhcd vlth so larfr aadiiaaailfid 
YToodeiit EagravtnKt, flrnni dftiirnt by llAavRT, fcap. Sto (puh. at 7i. M.), rloth ftllt, to. ISO 
** One of tCe moat uaeful ami agre^'ahie companiona to the ondentandlnir of Kliaktpeare which 
tevo bcon prodaocd. The youthful rea.ier who la about to taate the ehannt of our great Baid, 
te atrongly laoaiamanrtad to prepare hlmaalf by fliat reading thaaa alagaait talot " Qwrltilli 
JKreirw. 

I. E L. TRAITS AND TRIALS OF EARLY LtFE. ASarleaofr^leaaddnoaedto 
Young People. By L. E. L. (Misk LAKnoK). Pounh EdttioB, fcap. Svo, with a beautlfttl 
Poetiait Bngraved on Steel (pnb. at to.), frtlt cloth, to. IStt 

LOUDON'S (MRS.) ENTERTAINING NATURAUST. betag popular Daaeriptloas. 
Tales and Anecdote* of more than ytm Animals, comprehending all the Onadrupeds, Birds, 
Vlabea, EeptUea, Inaecta, lie. of which a know ledge Is Indtopenaable bt l*ulite Rdueatka: 
Illustrated by upwards of 500 bcautinil Wgodcata, by Bswiec, HAKvat, Whimjpba, aaa 
others, poat^o, gilt cloth, 7«. M . ISSS 

MARTIN AND WESTAU.'S PICTORIAL HISTORY OF THE BIBLE, thafattar- 

tress iiy the Bev. Hobart CAtrxTRR, Svo, 144 extremely beautlf^il Wood Kngravlnga by the 
rst Ar&su (Including reduced copies of Martik'b celebrated 1*lctares, Belshaziar^a Paast, 
The Delage, Pall af Nineveh, Ac.), cluth gUt, glH aOgaa, reduced ta ISt. Whole beoiid nor. 
richly gil^ gilt edges, Ito. . IStf 

A most elegant present to young people. 


PARLEY'S (PETERS WONDERS OF HISTORY. l4«an idna, muDaiwM Waodents 
( pub. at to. ), cloth, gilt edges, to. td. 1S4C 

PERCY TALES OF THE KINGS OF ENGLAND; Stories of Camps and Battto-Pleldi, 
Wars, and Victories (modemlEed from Holikshbd, PaoissAUT, aitd the other ChroalcleTS). 
S vols. In 1, sQuare l:nno. (Parier slsc.) Pourth Edition, considerably lmpn»ved, eompletai 
to the pretent time, emballlahed with M exceedingly baautiral Wood Engravings (piib. at to.), 
cloth ylit, ^It edges, to. « ISM 

This beautifiil volume haa enjoyed a laige share of succaaa, and deservedly. 


ROBIN HOOD AND HIS MERRY FORESTERS. By Stsphsm Pkbct. 8f«ai« Itao, 
8 Illustrations by Oilbbrt (pub. at to.), cloth, to. Ad., or with coloured Plates, to. ISSS 

STRICKLAND^ (MISS JANE) EDWARD EVELYN, a TUa oftke BebeUkm of iraj la 
wMeh la added **Tbe Poaaanea TUa," by Jwraua Taixob, fc^p. iwa, S Am I>Mh (pi». at 

Sa.)eloth gilt, tt. tot. U40 

TONKIN'S BEAUTIES OF ENGUSH POETRY, wlactod tn the Use of Tooth, tmi 
deslaned to Inculcate the Practice of VUtue. Twantiatt Edition, with constdereble addftloH, 
•oyal 18BO, vary alagaatly printed, wtth a b aa u l lf i il ft a tL t pl aaa aftar Haetbt, aimuiggBt 
adgea, to. 6d. 1S47 

WOOD-NOTES FOR ALL SEASONS (OR THE POETRY Of BIRDS), a 8«tlaa af 
Songs and Poems for y>mng People, contributed 1^ Barht Gmi«wai.l, WoaimwoKni^. 
Moors, CoLsitiDeB, C^tVpaaLL, Joakka Baillib, Elisa Cook, Mart Hovitt, Mas. 
Hbmakb, Hoog, CHAnLorrk Smith, ftc. fcap. Svo, vaty pratiily prtatad, wtih U beautUtal 
Wood Engraringa ( pub. at to. W. 1, cloth, gilt edges, to. ISM 

VOUTH*S (THE) HANDBOOK OF ENTERTAfNINQ KNOWLEDGE, la a 8« 

Pamlliar Conversations on the most interesting productions of Naior« and Art, ao4 oa 
InatBucilve Topics of Polite Bdnratlon. 6) s Lady (Mfta. Pallmbb, the bisti 
MAB.aTATL d vols. Imp. Svo, Woodcuts ( imb. at Ito.), cloth gilt, to. 

^Us Is a «ary elever and Instruotiw book, adapted to tbt capacltlaB gC W&nt 
flaa of tha CottTanatloos <« Cheuiiatry, Mlnaraiagy, BotM.f, Itf • 
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PUBLISHI&D OR SOLD VT H« O. BOBN* SI 


iVlustc and jmuskal SRotfts* 


THE MUSICAL LIBRARY. A Miwtiini of tto bwt TomI ant ti ^ 

Bmrllife «nd F«irelirn. Edited bjr W. Ayrtov, Eso. of th« Open HeoM. 8 vols, fblfa, ettM- 

Inbendlnc m Te than 400 piwes of Music, besutirull^ pvlBted with MstAlUo tjnMS tpvk. ai 

Tkc Vocal Slid Ia<«truiiiental wmj k« had stpaiaMgr* saaa In 4 ?•!■. Nk 


Onst 


MUSICAL CABINET AND HARMONIST. A CallMOoa of Clssslea) sad rtaalar 
"'•nd Innruaicnial M wic: eomprlslaff Selscthms from tfM test production^ of sH the 

MMisni EnpclUh. Scotch, and Irish Mslodtesi with manj at lbs NatlmMl Airs of um— 
Co«uiirte>. embracbig ^vsrtorss, Msrrhss, Rontlna, Quadriiiss, Waltxea, aiid **-""irflilti- alsa 
MadrUrsis, Duets, and Olecs; the whole adapted etthsr tor the Toice, tlis Plaao-Csrta^ tha 
Harp, or thr Orran; with Pieces sceaslonaHy for the Ftute and Guitar, under the sup«il». 
tsndenee of an emtnent Professor. 4 vols. smaJl folio, so«v(«hsadins aroro ihaa 90$ rlttai a# 
llasic, heautllully prtartsd with mstanio types (pub. at U. tv.)., sewed, Ito. 

The rrest Mie of ths MosiesJ Library, Di consequence of Rs extremely low price, has indasBJ 
lbs AilvertiH«r to sdopt the same plan of selUnfr the present capita) sclsctloii. As the ooataata 
aie quiu different from the Musical Library, and the hmtesla aiarft af tha salaaHoa la 
tkt work will no doubt aiaet wItt similar success. 


MUSICAL GEM ; a Collection of SO* Hodeni Soiifts J>asts, Olaas, Aa. hr tha sMat calabMlaA 

ComiMMert of the present day, adapted for tbs Yoloe, Flute, or VIolta (edited by Joh r PaMir), 

$ volt. In 1, Bvo, with a beautifullT envaesd Thlo, aad a sary ilahly Hkuntauttad Pfsothulsts 

(pub. St 1/. K.), cloth Kilt, lOi. M. MM 

The above capital collection eoatalns a gMal anmbar of tha beat aopjnrtitht p l aaas, innhiiMag 

»af ths most popular songs afBimhaa, Bishop, ke. liihnaaamaakattiaatlva 


ifflieliicfnes Sburoerp, anatomg, CCSemfstrs, 


BARTON AND CASTLE'S BR!TI$H FLORA MEDICA; Or, IMtary af the 

Flanu of Orvat Brhaln, I vola. Ivo^ upwards of 200 flnsly colaiirad figuraa of Plaala (na^ at 

H. U. ), cloth, 1/ Ite. isa 

An exeeediiiffly cheap, elegant, and valtmble work, aeeassaiy to ovary medical praetltlaaar* 

BATEMAN AND WILLAN'S DELINEATIONS OF CUTANEOUS DISEASES, 
dto, eontalnliiK 72 Plates, beautifully and very accurately coloured under tlie sonerintendaaca 
of an eminent ?roreMlona] Oentlemao (Dr. Carswcll), (pub. at 12L 12*.), half bound moc 
tL te. IMa 

** Dr. Batsman's valuable work has done mors to extend the hnowladfa of etrtaaaoas ilfctmta 
ttan any other that haa ever appearad."— I>r. A. T. Tkom p tom . 

BEHR'S HAND-BOOK OF ANATOMY, by BiaKarr (Dawaaa aaiw at Otty*s HoapHal), 
thick lSm«i. cloMly printed, cloth letteied (pub. at loe. 60.), S*. <id. iB4f 

BOSTOCK'S (DRJ SYSTEM OF PHYSIOLOGY, eomprteing a Complete View of the 
preient state of the Science. «th Edition, revised and eoRaetad throughout, Svo (900 pages), 
(pub. at U. ), cloth, U. MM 


BUinS'S PRINCIPLES OF MIDWIFERY, tmtfi aad boat adttlom tMck Ova, alaih laMaicd. 
Ipob. at !<•. ), i«. 

CELSUS DE MEDICtNA. Edited bv B. Mtuioajt, M.O. enat Indlea eopioslsslmo ox adit. 
Tanr*. I'hlck hvo. Frontispiece (pub. at lOa.), cloth, ••. MSI 

This Ift thr very )>ent edition of Celsus. It ccnisins critical sad msdieat notes, spplioabls ta 
the prartlcr of this country : a parallel Table of ancient and saodem Medical terma, svnonymea, 
wei^rtits, measures, ke. and, indeed, everything which caa te useful to the MedlcsJ Student; 
together with s slntrularly extensivs Index. 

HOPES MORBID ANATOMY. royaJ Svo, with 40 highly finisbad coloured Plates, eootaiD- 
iag 2fi4i arcorste Dsllnsatlons or Cases la sv^iy known \arioty of Disease (pub. s& U.ls.), 
elath, at as. 1834 

LAWRENCE'S LECTURES ON COMPARATIVE ANATOMYr PHYSIOLOGY. 
200L()0Y, AND THE NATURAL HISTORY OF MAM. Nsw Edition, post Svo, with ft 
Prontikplece of Portraits, engraved on Steel, and 12 Plates, cloth, &•. 

LAWRENCE (WJ ON THE DISEASES OF THE EYE. Third Edition, raviaod and 
cnlsrged. Svo ( 020 closely printed psges ), ( pub. at IL, 4«. ), doth, 10s. 6d. U4* 

LEY'S (DR.) ESSAY ON THE CROUP, Ovo, opiates (pub. so iss.), doth, «s.0d. im$ 

UFE OF SIR ASTLEY COOPER, interspersed with his Sketches of Dlsttngnhhad Cba- 
meters, by Bran set Coopb&. 2 vols. Ovo, with Aae Poztralt, after Sir Tlomas Lawroaco 
(pub. at U. U.», cloth, lus. Od. lOU 

NEW LONDON SURGICAL POCKET'BOOK thick nytf llmo (pub. at 12>.), hC bd. l.. 
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NEW LONDON CHEMICAL POCKET-BOOK; •d.pted to the Dall/ w of the Studeai. 
rojral ismo, nomcroaa HV'oodcot* (puh. at 7:6d.), hf. ltd. 3«. Gd, 1944 

NEW LONDON MEDfCAL POCKET-BOOK, Inclodinj Pharmacy, Poaology, kc. nrra! 
Unio 'pub. ftt u.), hf. bd. ;u. M. ' ^" ^]J 

'?^?.?1„JP''/^* 7?^^!®.! .^N "^'^T ^NO THE DIGESTIVE FUNCTIONS, 
AUi edition (pub. 12*.), eloth, 5i. ' 

PLUMBE-S PRACTICAL TREATISE ON THE DISEASE OF THE SKIN. 
Fourth edition, PlaUa, thick «»o (pub. at U.U). cloth, 6«.«d. i nt oiMn. 

^NCLAIRS tSIR JOHN) CODE OF HEALTH AND LONGEVITY; «ixth BditioD. 
complete in 1 tlilck vol. 8vo, Portrait (pab. at IL), cloth, 7*. I844 

SOUTHS DESCRIPTION OF THE BONES, together vlth their seTeral eoanesiom 
with each other, and mth tlie Musclea, apecialty adapted for Studeata in Anatonir, Bumeroaa 
Woodcuu, tltird edition, 12mo, cloth lettered (pub. at 7:), 3t. id. isst 

STEPHENSON'S MEDICAL ZOOLOGY AND MINERALOGY; Includinff ahm an 
account of the Animal and Mineral Poiaoua, ii coloured Platea, royal •«' ' mb. at 21. U.). 
doth, 1/. K. I83g 

TYRRELL ON THE DISEASES OF THE EYE, belmr a Practical work on their Treat- 
ment, MedicnDjr, Topicailr, and by Operation, by F. Tyrhbll, Senior Surprenn to the lioral 
London Ophthalmic lloapltal. 2 thick vols. 8vo, Ulaatrated by 9 Platea, containing upwards of 
•0 finely coloured figurea (pub. at U. 16*.), cloth, U. U. IMO 

WOQOVILLE'S MEDIC A*. BOTANY. Third Edition, enlarged by Sir W. Jackso 
HooKKK. 5 voIr. 4to, vith 310 Platea, Engraved by Sowekby, moat carefully coloured (puli. 
at- KM. lOc), half bound morocco, U. in. The Fifth, or Sopplenientary Volume, entirely bv Sir 
W. J. HooKSR, to complete the old Editions. 4to, Stf coloured Platea (pub. at 21. 1S«. id.U 
boards, IL lU. 61L 183a 


iilatf)cmatic$. 


BRADLEY'S GEOMETRY, PERSPECTIVE, AND PROJECTION, for tlte oae off 

Artiata. 8 Platea and numerons Woodcuu (oub. at ?'.)» cloth, 5«. 18m 

EUCLID'S SIX ELEMENTARY BOOKS, bv Dr. Lardxxr, with an Explanatory Com- 
mentary. Geometrical Exercises, and a Treatiae on Solid Geometry, 8to, Ninth Edition, 
cioth, 6«. 

EUCLID IN PARAGRAPHS: The Elements of Euclid, containing the first Six Books, and 
the flrat Twenty-ane Propoaitlona of the Eleventh Book, 13mo, with the Planea ahadftd. (pub. 
at 6f . ), cloth, is. (W. Cwnb. 184S 

JAMIESON'S MECHANICS FOR PRACTICAL MEN, including TreaHaes on the Com- 

poaition and Ifteaolution of Forcea; the Centre of Gravity; and the Mechanical Powera: llloa- 

trated by Examples and Designs. Fourth Edition, greatly improTcd, 8to (pub. at la*.), 

cloth, 7«. 6d. 1850 

** A great nMWhanical treasure."— Dr. Birkbtek. 


BOOKS PRINTED UNIFORM WITH THE STANDARD LIBRARY. 

JOYCE'S SCIENTIFIC DIALOGUES, enlarged by Piknock, for the Instruction and 
Entertainment of Young People. New and greatly Improved and enlarged Edition, by 
William Pinxock, completed to the present state of knowledge (COO pages), numerotis 
Woodsuts, St. 

STURM'S MORNING COMMUNINGS WITH GOD, or Devotional MeiUtatioits for 
every Day in the Year, ft*. 184} 

CHILLINGWORTHS RELIGION OF PROTESTANTS. 5oopp.3*.fcf. 

CARY'S TRANSLATION OF DANTE. (Upwards of 600 pages), extra blue doth, with s 
richly gilt back, 7<. <id, iM7 

MAXWELL'S VICTORIES OF THE BRITISH ARMIES, enlarged and improTed, ana 
brought down to the present time ; several highly finished Steel Portralu, and a Frontispiece, 
extra gilt cloth, 7*. Gd. 1843 

MICHELET'S HISTORY OF THE FRENCH REVOLUTION, translated oyC.Cocxa. 
2 vols, m 1, 4«. 

fiOBINSON CRU56E, Including his further Adventurea, with a Life of Defoe, fee. vfwuU 
of 60 fine Woodcuts, from deaigna by Harvey and Whimper, it. 

STARLING'S (MISS) NOBLE DEEDS OF WOMAN, or Examplea of Female Conar- 
Fortitude, and Vbtne, Third Edition* tAlaigcd and impsoTed, with two verr beantlAil Ilroaai • 
•iMaattoalel^SA. IM* 

'-J i.'tfi «« r'l.i:» •»i»ll \jn<:* »■••■ . '' \ ?.'-''^^ i J.— ~. 
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